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PREFACE 


The brickmaking industry is one of the oldest known, but 
moat of the modern methods of manufacture are of such recent 
growth that no single volume contains a description of the most 
important ones used in this country. The result is that many 
brickmakers are using machinery and kilns of which they have 
but little knowledge, and they are labouring under the disad- 
vantage of not knowing what progress has been made. 

In the present volume, the Author has endeavoured to con- 
dense the results of a wide practical experience of all the better- 
known processes, machines, and kilns now in use — both in this 
country and on the Continent — into convenient limits, and to 
express this information in terms which shall be readily under- 
stood by all interested in the subject. In other words, he has 
aimed at clearing up ideas regarding the various processes and 
appliances used in modern brickmaking and to remove various 
obscurities at present prevailing in many minds. 

In this work the Author has had the hearty co-operation 
of all the chief finns who supply machines, kilns, and other 
requirements of the brickmaker, together with the assistance of 
numerous authors of papers, booklets, and larger treatises (both 
British and Foreign). Their names will usually be found 
attached to the illustrations, though the publication of anony- 
mous articles in the trade journals prevents acknowledgment in 
some cases. 

Whilst it is not possible to give a complete list, the Author 
hereby acknowledges, with thanks, his indebtedness to all who 
have been of assistance to him in the manner indicated, as well 
as to ^various members of his staff, without whose aid this 
volump could not so readily have been written. 
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PREFACE 


'Fm)!!! so large a mass of material, it has often been neces- 
sary to describe only one machine, or kiln, of each type, indi- 
cating, more or less fully, the points of difference between the 
one chosen and others equally well known. In deciding which 
machine, or kiln, to select for such fuller description, the Author 
has been guided chiefly by his personal knowledge and experi- 
ence, prominence being given, whenever possible, to those 
designers or finns to whom the credit of introducing the pro- 
cess under consideration is primarily due. 

The experienced brickmaker who wishes to develop a new 
bed of clay, or shale, as well as the capitalist unacquainted with 
the details of the various appliances, is often placed at a dis- 
advantage when endeavouring to choose between the claims of 
various firms. After studying such details as are given in the 
present volume, such prospective purchasers should be able to 
select a given appliance or process without so serious a risk of 
loss as if they were ignorant of the different materials to which 
each process is best adapted. It is not to be supposed that the 
study of any book will place the reader in the position of an 
expert, but a careful perusal of the present work will, it is 
hoped, enable any intelligent person acquainted with the rudi- 
ments of the subject, to see the reasonableness or otherwise of 
suggestions made to him by various persons and to enable him 
to make use of such new methods as are mentioned in it. 

To students, builders, civil engineers, and to those interested 
in the development of estates, as well as to brick manufacturers^ 
the present volume will, it is anticipated, prove to contain a 
useful summary of the chief matters of importance in connexion 
with the various branches of brickmaking. Those who wish 
for further information on the testing, analysis and scientific 
control of the materials and processes involved should consult 
special works (by the author and others), in which these matters 
are more fully described. 


ALFKED B. SEAKLE. 


The White Building, 
Sheffield. 
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CHAPTER I. 


THE NATURE AND SELECTION OF CLAYS-THEIR SPECIAL 

SUITABILITY FOR CERTAIN PURPOSES-SAND, BREEZE, 

AND OTHER MATERIALS USED. 

Bricks and tiles may be made from a large number of different 
kinds of material but they must usually possess a certain amount 
of plasticity. 

The plasticity of clay is a property which distinguishes it 
from nearly all other mineral substances, and may be defined 
as the property of a body which enables it to absorb water in 
such a manner that the properly moistened body yields to 
mechanical pressure, but, when the pressure has been removed, 
the shape of the body remains as though the pressure were still 
acting upon it. 

The cause of plasticityiis practically unknown, but it appears 
to be closely related to the ability of each clay particle to sur- 
round itself with a coating of water sufficiently large to produce 
plasticity, but insufficient to cause the body to lose its shape when 
the external pressure is removed. 

Clay or brick earth is almost the only substance of a mineral 
nature which possesses this xdasticity, and then only when it is 
what geologists term “ secondary clay,’^ that is to say, clay which 
has been carried a considerable distance from the place where 
it was originally* formed. 

No satisfactory definition of “clay ” is possible owing to its 
peculiar nature, though the development of plasticity when wet 
is its main characteristic. The term “ brick earth ” is much 
more suitable for general use, as meaning those clays, or mixtures' 
of clay with other materials, which can be employed in the 
manufacture of bricks and tiles. 

Strictly speaking, the term “ clay ” should be reserved for a 
certain hydrated silicate of alumina, or at any rate for earths 
chiefly»bomposed of this material, unless the word is prefixed by 
another as “boulder-clay,” “sandy-clay,” etc. 

1 
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The term “ clay substance ” is usually employed to denote 
the essential material in all clays, but the composition of this 
varies so greatly when different clays are treated by different 
processes for removing the other ingredients that the term has 
acquired a variety of meanings according to the person employing 
it. Thus Segcr (who originated the term) employed it to represent 
a theoretical material, the nearest practical approach to which 
was obtained by^carefully washing china clay and then treating 
this purified product with sulphuric acid, soda, etc. In this way 
he obtained a series of analytical results which were fairly 
constant for most varieties of clay, though the pure “clay 
substance ’’could OJily be won from certain clays; its proportion 
in the others was deduced from the analysis of the partially 
purified material. ^ 

The use of the term “clay substance” for the finest particles 
obtained by washing a commercial clay is unsatisfactory and 
should not be used. Much reform is necessary in the nomen- 
clature of clays, as at present the^re is no agreement as to the 
precise meaning of “ clay,” “clay sul)stance,” and other terms. 

“Primary clays ” (i.e. those found near to the place of forma- 
tion by rock decomposition) are usually lean or deficient in 
plasticity. “ China clays ” (Kaolins) are of this kind. 

Under the action of water and other geological agencies, 
these slightly plastic primary clays may be groinid, (‘.arried 
a))out from one place to another, undergoing purification or 
contamination in the ])rocess, until they are finally deposited in 
a more i)lastic condition in beds or seams, when tliey form 
secondary deposits as surface-clay, bed-clay, shale, fire-clay, 
boulder-clay, etc. 

The degree of purity of a clay deposit must de])ciid oji the 
nature of the treatment it has received since its first formation 
by the breaking down of the felspar rocks which are, as far as 
is known, the original sources of all clays. 

Red clays are those which have f>een formed from felspar 
rocks rich in iron oxides, or which have takeii uj) this substance 
during their conversion into plastic clays. 

When no more than a very small pro])ortion of iron oxide, lime, 
magnesia, and alkalies is present a fire-clay or kaolin is produced 
and burns to a white or cream colour according to the proportion 
of colouring oxide present. 

The exact processes which occur in the- formation and de- 
position of clays is only of secondary interest to the brick and 
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tile maker ; he has to deal with the clay deposits at his disposal, 
and has no control of their formation. It is very important, 
however, that he should know a little of the origin of any 
deposit he is called upon to work, or about which his opinion is 
being asked, as clay deposited by rivers must usually be worked 
differently from that deposited in a lake, the water from wiiich 
has afterwards disappeared. 

As the primary clays (kaolins) are often very pure, they are 
not usually employed for brickmaking and need not be considered 
at present, though some makers have found considerable profit 
in utilizing the waste material produced by tJie washing of these 
clays. 

The sec^ondary clays may be divided into three groups : (a) 
river deposits (fiuviatile) ; (b) lake deposits (lacustrine); (c) sea 
de^posits (nrarine). 

Iti/ver Deposited Claijs . — River dej)osited clays are in beds of 
small sizes and of very irregular thickness ; they are formed by 
the i)articles of (lecomj[)osed rock carried along by the river 
settling out when tlie speed of the river is reduced, as at the 
bend of the river. Tiiey are usually rich in fossils, and it is not 
unusual for them to change in character very frequently. Thus 
the necessity of working a relatively large area of only a small 
de])th is a great disadvantage in the production of the best 
qualities of bricks and tiles from this kind of clay. 

Tn spite of this, the clay dei)osited by the Thames has bi^en 
very largely used for brickinaking in the neighbourhood of 
London, and the lower deposits of clay made by this river reach 
as far as Leighton Buzzard and Seven Oaks respectively, and 
oven beyond. 

The difSculties of working river clays are particularly well 
shown in the case of the London clay, of which it has been said 
with much truth that “ London clay inevitably spells ruin to the 
brickmaker not thoroughly familiar with its nature, for it is too 
strong to be used alone and no non-plastic material siiitabhi for 
mixing with it (grog) is found in its neighbourhood. Yet when 
properly worked, no bricks can withstand the trying conditions 
of the London atmosphere as well as ‘stocks ’ made from JiOndon 
clay.” A study of lig. 1 will show that great care is needed to 
ensure that the clay used is really London clay, as it is very easy 
to confiise it with others which j>ossess the same soapy shell- 
shaped fracture as the dried London clay, though they are really 
quite different and must be treated separately. 
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fn addition to the shallowness of the deposits, the stones 
found in clays of this kind often cause serious . trouble, and alto- 
gether the working of fiuviatile clays is less certain, more com- 
plicated, and far less profitable than the use of the lake deposits 
or marine clays. 

The rapidity with which rivers change their beds produces so 
great a variety in the nature and composition of the clay deposits 
that it is quite usual to find in neighbouring brickyards clays 
which have been deposited by the same river, but which are 
entirely different in their origin, nature, and properties. On 
this account methods of treatment which may be successfully 
employed in one yard may be quite unsuitable for another near 
by. This is a matter which must never be overlooked by the 
brickmaker. 

Boulder- Clay has been produced in a similar manner to river 



clays, but the river has been replaced by a glacier ; it is usually 
seriously contaminated with sand and stones of a limy nature', 
and is difficult to work satisfactorily into other than common 
bricks. 

Lake Deposited Clays . — Clays of lacustrine origin are in many 
ways similar to those deposited by rivers, but when extensive 
(as is usually the case) they are easier to work, because the 
deposits of differing composition may be more accurately mixed 
or separated. 

Some of the most typical lacustrine clays are those of the 
Isle of Wight ; unfortunately their situation and shallowness 
greatly detract from their commercial value. 

The Reading mottled clay, which also occurs in France, is the 
product of another lake. 

At Bovey Heathfield, near Newton Abbot, lacustrine clays of 
perfectly regular character occur and are over 150 feet deep, but 
this is exceptional in England. 
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Sea Deposited Clays . — The extent of marine clay beds is almost 
incredible, as they often stretch for hundreds of miles with a 
depth of thirty feet or more throughout the entire area. Their 
composition is remarkably uniform, and consequently they 
possess innumerable advantages over other kinds of clay. 

The impression that they contain salt in excessive quantities 
is quite erroneous. 

The fact that these marine deposits are almost free from fossils 
and remains of the higher animals points to their great antiquity, 
and the presence of sea -shells clearly indicates their origin. 

Good marine clays, of which the famous Oxford clay is the 
best known in this country, cannot be but highly appreciated, 
but marine deposits of certain compositions can never be used 
satisfactority. Many such deposits are rendered entirely useless 
by the excessive quantity of lime (“ shell ”) they contain, whilst 
others are so excessively plastic as to be unusable without the 
addition of some non-plastic material, though this latter is stddom 
found near them, and the present prices of ordinary bricks will 
not permit it to bo made by calcining raw clay. 

Tiock Clays are those which have been compressed owing to 
their situation, and are properly known as shales, slates, and fire- 
clays. The great compression has resulted in the consolidation 
of the clay, so that it has to be broken down either by the weather 
or by mechanical means before it can be used. Such clays are 
not found plastic, but l>ecome so on grinding and mixing with 
water. 

Shale is the general name given to clay rocks which are 
laminated, and so split easily into thin layers. They vary in 
hardness and in colour, and are usiially moderately pure. Some 
of them, being rich in iron, burn to a red or blue colour, whilst the 
pure ones (fire clays) are buff coloured when burned. 

Most shales contain a small projjortion of carbonaceous matter 
which is expelled on heating. In some cases, as at Peterborough, 
so much of this matter is present as to render the use of coal or 
other fuels in the kilns almost unnecessary. Many shales are 
seriously affected by the i)restmce of nodules of pyrites, marcasite, 
and allied compounds of iron, which form spots of fair size in the 
fired goods and so spoil their ai>pearanGe. 

Shales are commonly found near the coal deposits, particularly 
in thq^orth of England, and often extend to enormous depths. 
The Accrington shale is particularly famous, the analysis given 
of a shale from Whinney Hill, Accrington, being typical : — 
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Silica . , . 

. 61-46 

Alumina . 

. 24-84 

Protoxide of Iron . 

. 5-59 

Sesquioxide of Iron 

. 1-30 

Lime 

•60 

Magnesia .... 

. 2-42 

Combined Sulphuric Acid . 

•23 

Alkalies 

•32 

Organic Matter and Water . 

. 3-24 


Thie shale produces fine red facing bricks. 

Slate is really a compressed clay, but owing to impure com- 
position cannot usually be made into bricks, though some slates 
which are worthless to builders may produce good common 
bricks. 

Knotts Clay . — Near Peterborough (which is situ^ttcd on the 
Oxford clay already mentioned) Knotts clay is found. This 
clay is highly valued ; it has all the characteristics of shale and 
is. rich in combustible matter, whilst its enormous depth and 
area, together with its regularity and composition, enable it to 
be made into bricks and fired at less than the cost of the fuel 
alone for bricks in some other })arts of the country. The clays 
on the east and south of Peterborough can be most cheaply 
worked by the semi-idastic process, and everything is in favour 
of their being used for the production of a common brick at a 
remarkably low price. 

Fire-clay is found throughout the coal measures. That in the 
neighbourhood of Stourbridge is highly prized, but carefully 
selected materials from North Wales, North Cumberland and 
Durham, , Teign Valley in Devonshire, South Yorkshire and 
Derbyshire, Leicester, and the district around Glasgow, Kilmar- 
nock, etc., in West Scotland, are equally satisfactory as refractory 
materials. Tiie Irish fire-clays are usually of inferior quality. 

The composition and qualities of fire-clays vary very greatly, 
and many varieties are known. The best type of fire-clay con- 
tains almost as much alumina as silica, but in the North of 
England the fire-clays used contain nearly twice as much silica 
as alumina. Th(> highest grades of fire-clay are diificult to work 
on account of their low plasticity, but highly refractory clays 
which are at the same time plastic are very valuable on account 
of their scarcity. The fire-clays fron\ the Midlands and Devon- 
shire are specially noted for their suitability for the manufacture 
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of salt glazed sanitary goods. Those of Norththnoerland, York*- 
shire, and West Scotland, have an equal importance in the 
manufacture of sanitary ware ani glazed bricks. In the south 
of Yorkshire a material, corresponding to silica, with about 10 
per cent of plastic clay and known as “ ganister,” is found in large 
quantities. Similar material is found in Dowlais (Wales), and 
Gartcosh (Scotland). The best ganister contains from 87 to 96 
per cent of silica, with 4 or 5 per cent of alumina. 

A more highly siliceous material is found in various parts of 
the country, and especially in the Vale of Neath in Wales. This 
is used for the manufacture of Dinas or silica bricks. It is not 
a clay, strictly speaking, but a powdered rock consisting almost 
entirely of quartz, though the term clay ’’ is often applied to it 
in the places where it is found. 

The value of a refractory clay consists in the possession of 
particular characteristics. It may best be ascertained from a 
consideration of its behaviour in the following directions repro- 
duced here from “ Modern Olay working ” : — , 

(a) Its resistance to high temperatures. 

(h) Its resistance to pressure at high temperatures. 

(c) Its noil-absorptive power at any temperature. 

{(1) Its uniformity in size and composition. 

(e) Its expansion and contraction due to heating and cooling 
while in use. 

(/) Its resistance to the cutting action of the furnace flame, 
to the a])rasive action of molten metal, and to the searching 
action of certain slags and metallic oxides. 

(g) Its resistance to the reducing or oxidizing atmospheres in 
the furnace. 

(h) Its resistance to ordinary wear and tear and to accidental 
blows. 

It is, however, seldom that all these conditions can be 
realized at once, and that clay should be chosen which combines 
the most advantageous characteristics. Thus, a gooil second- 
class clay made up into bricks of a uniform size, of sufficient 
hardness, with low contraction and highly infusible, would be 
far preferable in practice to one which might have a lower 
percentage of alkalies and was, therefore, less fusible hut lacked 
some other qualities. > 

Most of the above characteristics must be ascertained by a 
practical test, made for the purpose, but some of them can be 
detemiined by observation and analysis. Usually, the actual 
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<ralue of a refractory clay can only be ascertained as the result 
3f an extensive series of tests, which must be of a chemical as 
well as a physical nature. 

Fire-clays burn to a white or cream colour, though some of the 
less pure ones are xeddish in tone. 

THE COLOUR OF BRICKS. 

When heated, clays change their colour and produce bricks 
which may be white, cream, brimstone yellow, dark yellow, 
buif, red (terra-cotta), brown, black, blue, grey, or any combina- 
tion of these colours. The tint produced depends on the com- 
position of the clay and the nature of the heating. 

White Bricks . — A perfectly white brick is practically unknown, 
as it requires the use of clays of such purity as to make them 
too expensive for this purpose. When the effect of perfectly 
white bricks is required it is usual to cover bricks of inferior 
clay with a mixture of better quality which will produce the 
required results. This process is known as “ bodying ” (see 
“ glazed bricks ”). 

Suffolk Bricks and others of whitish colour may be produced 
by making mixtures of certain clays and chalk, or by using 
such mixtiires of chalk and clay as occur naturally in some 
districts and are known as marls. 

Gault beds are of this character and contain about one-third 
of their weight of chalk. They are chiefly used in conjunction 
with other clays for the production of the “white Suffolk ” brick 
alr€^ady mentioned. Similar bricks may be made by the addition 
of a suflicient quantity of chalk to almost any red-burning clay. 

, Marls or Malms are clays that have become mixed with chalk 
or limestone during their formation, and form one of the most 
important sedimentary deposits. In South Staffordshire and in 
some other districts the term “ marl ” is incorrectly used to 
indicate clay or brick earth. True marls always contain chalk. 

In Nottinghamshire and in some other districts, clays are 
formed which contain so little chalk that they produce excellent 
red bricks. In such cases it is preferable to consider these as 
mild clays, though the local brickmakers invariably speak of 
them as marls. The local name is correct so far as the general 
clay deposits aro concerned, as these turn to a creamy white, 
or to a dirty straw colour, Imt should not be applied to the red- 
burning clays in those districts. 
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If the chalk and clay are in the con*ect proportions, the marl 
may be used at once for brickmaking. This is, however, seldom 
the case. Marls which are deficient in clay must have some 
clay added, and those which are deficient in chalk must have 
this material added in a finely powdered condition. The mixing 
of the ingredients is usually effected by treating each separ- 
ately with water, reducing the whole material to a slip or slurry, 
and mixing these liquids in the correct proportions. The mix- 
ture is then allow;ed to settle until, either by running off the 
water or by evaporation, a marl of the proper consistency's 
obtained. 

The chalk diminishes the contraction of the clay during the 
drying and burning ; it also acts as a flux, prorlucing a mucli 
stronger briftk than would otherwise he the case, and, in addition, 
it forms a jivhite or cream coloured compound with the iron 
oxide in the clay, and so juoduces a brick which is nearly white 
in colour. In some cases the ])roportion of chalk or similar 
material in these clays is large and Tiot in a v(5ry fine state of 
division ; the bricks made from it will fall to piee.es on exposure, 
owing to the presence of uncombined lime in them which 
“blows” and disintegrates the bricks containing it. 

The amount of chjvlk which may be ])resent in the marl or 
mixture used for brickmjiking should not excet^d 25 per cent, and 
if the original marl contains more than this (as is often the case) 
sufficient clay must be added to reduce the chalk in the mixture 
to this pro])ortion. In many cases bricks should not be made 
from marls containing more than 12 j^er cent of chalk, and for 
red bricks not more than 5 ])er c.ent should be present. White 
bricks (or the nearest to white commercially obtainable) are 
chiefly made in Devonshire, Dorsetshire, Cambridgeshire, Norfolk, 
Suffolk, and Essex. 

Yellow Bricks are made in tlie neighbourhood of l.(Ondon and 
in all other places where the clays found are suitable for brick- 
making, yet do not contain sufficient iron to ])roduce a. red 
brick, though in some cases the natural colouring effect of the 
iron is obscured by the presence of chalk or lime comi)ounds, 
as in the marls just mentioned. The precis(‘ shade of yellow 
produced depends on the proportion of impurities in the clay 
and on the nature and extent of the firing. 

Bed pricks are produced in almost any part of the country. 
Some of the finest reds are made in Leicestershire, Hampshire, 
and Berkshire, Kuabon, and Accrington in Lancashire, but 
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sufficiently pleasing shades of reds are obtainable with care with 
clays in many other districts. The chief substance to which the 
red colour is due is the iron oxide in the clay, and to produce a 
pleasing shade of red a clay must contain at least 4 per cent of 
this material, and must be nearly free from lime compounds 
which would detract from the colour. The addition of iron 
oxide to clay to improve the colour is seldom satisfactory. 

Bagshot clays are well known for the excellent red colour of 
the bricks produced from them. The Oxford clay burns to a 
lighter tint. With Midland and Western clays almost every 
variety of shade can be obtained. Most surface clays can be 
burned to a good rod colour, though there are some notable ex- 
ceptions. 

Many shales also produce bricks of a fairly good •red colour, 
but the sources of red-burning bricks are so numerous as to make 
a complete list impossible. 

Red-burning clays are popularly divided into two classes, 
“ strong ” and mild ” or “ loamy ”, 

Strong clay is highly plastic and, in a certain sense, may be 
regarded as pure clay. It is generally free from stones, sand, 
chalk, or other non -plastic material, and is liable to crack and 
become misshapen in the kilns and to shrink excessively. This 
difficulty may be removed by mixing it with sand, crushed rock, 
grog, ashes, or other non-plastic material in order to open it and 
diminish the shrinkage. 

On account of its plasticity and stickiness, strong clay is 
very difficult to work, but with sufficient non-plastic material 
available it usually forms an admirable brickmaking material. 
Without this addition the attempt to work it is almost certain 
to end in failure. Unfortunately the ty})ical strong clay near 
London is not found contiguous to suitable non-plastic material. 
It must, therefore, be mixed with ashes (breeze) in order to 
reduce its shrinkage, and to permit it to be more easily dried 
and fired. Strong clays when free from stones are referred to as 
“ pure ” by brickmakers, other strong clays are known as foul ” ; 
the latter are to be abhorred unless the brickmaker is unusually 
skilled or takes up the manufacture of bricks for otlier than com- 
mercial j)urposes. 

Loams or mild clays contain a considerable ])roportion of 
gravel or sand, so that they are less liable to warp or shrink ex- 
cessively than the strong clays. 

When excessively sandy, the texture of the earth is so loose 
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that the addition of chalk or clay is necessary to bind the mass 
together, but when of medium plasticity the mild clays are 
among the best for brickmaking purposes. The majority of 
clays used for brick and tile making are of a mild character ; 
others must be made so by the addition of suitable non-plastic 
materials. The term “loam ” is commonly restricted to certain 
light sandy clays, the term “ mild ” clay being much broader in 
meaning. Highly sandy clays are particularly used in the 
manufacture of “ cutters ” and “rubbers,” though these bricks are 
often made from more plastic clays to which a suitable proportion 
of sand has been added. 

Terra-cotta is made from any fine red-burning clay, but the 
best varieties require material which has been many times de- 
posited by •natural causes in order that it may be sufficiently 
fine in texture; it must also produce a ideasant colour when 
fired. For*terra-cotta work, clay' should be moderately porous 
when burned, should contain sufficient flux to give it a slight 
natural glaze when fired, and should be sufficiently fine to enable 
the most delicate carving to be satisfactorily carried out. 

The precise shade of colour produced by a red-burning clay 
cannot be foretold, as it depends so much on the state of iron 
oxide in the clay, the nature of the firing, and other conditions 
of manufacturing. Clays which burn to an unsatisfactory colour 
cannot, as a rule, be improved by the addition of iron oxide, 
as this material when artificially prepared never gives the same 
colour as when it occurs naturally in the clay. Attempts to 
improve the colour of red-burning clays must therefore be con- 
fined to the purification of the clay used, to the addition of other 
clays, or to an alteration in the method of firing. 

At Kuabon, terra-cotta is made from a rock clay to which 
one-third of its weight of brick dust is added. 

Where terra-cotta is required to be of a buff or cream colour 
most fire-clays may be used in its production, but the most 
suitable terra-cotta clays are those near Poole, Tamworth, 
Ruabon, and in Devonshire ; smaller deposits ])eing found in 
many other parts of the country. 

The term “ terra-cotta ” usually ap})lies to objects of a certain 
shade of red, but originally it was used for all kinds of baked 
earth. At the present day any vases and similar objects made of 
unglazed clay are classed as “terra-cotta” by dealers, quite 
irrespective of their colour. 

As* the best terra-cotta clays occur in only a few localities, 
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many manufacturers prepare artificial mixtures which they 
grind to the requisite fineness. 

Brotvn Bricks . — Brown bricks are made of clays which have 
a different composition and texture to red bricks, though in 
many respects they are very similar. Many impure shales, for 
example, contain so much fluxing material that they vitrify 
before the temperature is reached at which the full red colour of 
the iron oxide is produced, and consequently a brown brick of 
more or less pleasing appearance is produced. Some red Ijricks 
which are over-heated also produce a brown colour. 

Bhte or Black Bricks are chiefly made in Staffordshire from a 
clay very rich in iron oxide. When under fired they are reddish 
in colour, the l)lue being only developed at a high temperature. 
In Germany and some other parts of the world wh^re no clay 
suitable for blue l)ricks is to be found, artificial means are 
employed to produce the colour; these are not so satisfactory as 
bricks made from the Staffordshire clay. Staffordshire blue 
bricks are partly vitrified, extremely hard, and with a glazed 
surface. They are almost invarialdy used whore great strength 
is necessary, and are very highly thought of for engineering 
j)urposes. 

The material used in Staffordshire for the production of T>lue 
and red bricks is a friable kind of clay which is heated to such 
a temperature as to bring about a partial vitrification and reduc- 
tion of the iron oxide. Marls and clays suitable for hrickmaking 
are very abundant in Staftbrdshire, and a most extensive bed of 
red “ marl ” runs in an almost unbroken line from north to south 
throughout the county. 

Grey Brides are of two kinds, this tenn being sometimes used 
for a variety of blue bricks and sometimes for a kind of red- 
burning brick, the (colour of which has not been fully developed, 
or which has been hidden by a kind of “ scum,” as in the grey 
bricks of Lancashire. 

GENERAL CHARACTERISTICS OF BRICKS. 

A thoroughly good brick should be regular in shape, texture, 
and colour, equally and perfectly burnt throughout, and should 
be free from all cracks and flaws — even though they be hair- 
cracks — sharp in the arrises, and should give out a clear ringing 
sound when struck either with a stone, another brick, or a piece 
of metal. For many purposes, however, it is umiecessary to 
insist upon all these qualities, any hard and well ))urned* brick 
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will suffice for foundations and internal work which is to be 
subsequently covered ; and for such purposes rougher and 
cheaper bricks are frequently the more useful, affording a better 
key for plastering than those with a smooth surface, and often 
being better weight carriers than soft, well -finished, facing bricks. 

Sandy and absorbent bricks should not be used in foundations, 
nor in external walls likely to be exposed to water or driving 
rain. Such bricks are generally soft and do not weather well, 
being frequently under-burned ; and by retaining moisture they 
encourage the growth of lichen and climbing plants, which all 
gather and retain damp. 

Soft, under-burned bricks are valueless. No brickmaket with a 
reputation to lose will sell them, preferring to pass them through 
the kiln a second time, or to crush them for sand or grog. On 
the other Jiand, a remarkably non-absorbent brick, heavily 
pressed and highly burned, may have too smooth a face to adhere 
readily to mortar, especially in summer time, in spite of a good 
wetting. 

Over-burned bricks will molt and run together forming 
“ burrs,” which are useless except to be broken up for road metal 
or concrete. 

Faulty bricks are more often met with amongst those which 
are hand made, hack dried, and clamp burned, than amongst those 
which are machine made, chamber dried, and kiln burned. To 
give a complete list of all the dififerent kinds of bricks now made 
in this country is almost imi)ossible. But the following are the 
most important when bricks are classified by their (1) colour, 
(2) place of origin, (3) method of manufacture, (4) use, (6) 
quality. The various colours of bricks have been mentioned 
on page 8. It must be remembered, however, that in different 
localities the colour may be known by a different name, and 
bricks of difierent colour are often classified as if they were all 
of one shade, so that sorting them on a basis of colour alone is 
not always satisfactory. 

The place of origin of bricks and tiles is also misleading in 
many cases, because the successful use of these goods from one 
locality often leads to their imitation by firms in other districts, 
and it is becoming customary with certain classes of goods to 
name them after the place from which such bricks were origin- 
ally produced, though the particular samples offered for sale 
may never -have been near to it. Goods which are classified 
according to the place of origin are easily recognized, as most 
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of them bear some title and imprint upon them. In many cases 
they are specified under the name of the district from which 
they are supposed to come, as Flettons, Accringtons, London 
stocks, Bath bricks, etc. 

Fletton Bricks, sometimes known as “ Flettons,” are made by 
the semi-dry or semi-plastic process from clay found in the 
neighbourhood of Peterborough. The (luality and colour vary 
greatly, but as the bricks are cheap, and generally used where 
colour is unimportant, they command a good sale. The best are 
of a good red colour, but most of them hiive a yellowish tinge ; 
they are very smooth on the surface, and it is sometimes found 
that plaster will not adhere to them satisfactorily. 

Bath Bricks are made near Bridgwater, in th^e West of 
England, from a very siliceous clay, they are only slightly heated 
and are not used for constructional purposes. • 

Accrington Bricks have gained a high reputation for their red 
colour and strength, and Leicester bricks, together with those from 
many other districts, have a more local reputation for size, 
colour, and strength. 

London Stocks are made for many miles round London, but the 
term “ stock bricks ” is used in many other parts of the country to 
denote the particular kind of brick made for general use in any 
district. The London stock brick is coarse, hard, and strong, 
with a grey, yellow, or, occasionally, red colour. They are fre- 
quently cracked superficially, and are very irregular in structure 
and colour, but if well burned are excellent for general purposes, 
being partly vitrified and stronger than their appearance would 
indicate. London stock bricks are classified locally under a 
number of difTerent terms according to their (]uality. 

Under methods of manufacture may l)e placed : — 

Dry-Dust Bricks, made as the name indicates from powdered 
clay without any addition of water. This method is not often 
used for bricks, though very popular for tiles. The material 
must contain sufiicient flux to bind the particles together during 
firing. 

Semi-Dry or Semi Plastic Bricks are made from material which 
is almost but not quite dry. This method of manufacture has 
for some time been very popular on account of the cheapness 
with which it enables bricks to be made, but it is now being 
replaced by the stiff-plastic process. The most important centres 
of semi-dry or semi-plastic bricks (the terms are identical in 
moaning) are Accrington and Peterborough. 
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Stiff Plastic Bricks are made from a paste which is worked 
through machines in as stiff a condition as possible, so as to save 
time and expense in drying the bricks. This method of manu- 
facture is rapidly increasing in popularity. 

Plastic Bricks are those made from clay which has been con- 
verted into a highly plastic paste, or in which the plasticity has 
been developed as fully as possible. All hand-made bricks and 
tiles are of this kind, but the term is also used in connexion with 
machine-made goods, particularly with loamy clays. The main 
difference between this and the stiff-plastic process is the greater 
quantity of water added to the clay, which necessitates thorough 
treatment and more careful drying. 

Sand-Faced Bricks are largely used in the South of England 
for exterior work. TJiey are characterized by a good red colour 
which is veiy even in tone, but are soft and highly absorptive 
on account of the clays from which they are made. The name 
is derived from the mould being sju’inkled with sand to prevent 
the clay from adhering to it, instead of using water for this pur- 
pose as in si op- moulded bricks. Incidentally the sand, if properly 
chosen, produces an improvement in the colour of the bricks. 
As a rule they are not very durable, and only those which “ ring ” 
well should he used for best work. When really well made they 
are in every way excellent for buildings in the country and 
smaller towjis. 

Marl Facing Bricks are those made near London to be used 
along with stocks, to which they are distinctly superior for out- 
side work. 

liubbers and Cutters are soft bricks made from sandy loams, 
and will bear cutting and rubbing to any reciuired shape. They 
are used for making bricks of special shapes for arches, carved 
work, etc., being cut or rubbed down after the completion of firing 
(usually on the building site). Consequently, they must be of 
the same colour throughout and should be of such a nature that 
the interior as well as the exterior of the brick can resist the 
weather. White, red, and buff rubbers are made, though the red 
ones are most popular. 

Slop-Moulded Bricks are made, as the name indicates, from a 
soft paste or “ slop They are necessarily hand made, the 
mould being wet with water to prevent the clay from sticking to 
it, instead of being covered with sand as in the manufacture of 
sand-faced bricks. 

Pressed Bricks are those which have their final shape given to 
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them by means of a press, but the term is also used for most 
machine-made bricks. They are usually heavier and denser 
than hand-made bricks or “ wire-cuts ” and are often perforated, 
or provided with “ frogs ” to lessen their weight. Pressed bricks 
should be perfectly uniform in size and shape and should have a 
smooth surface and arrises. They usually require great care in 
drying and in manufacture generally, but are certainly the most 
accurately formed of all bricks and tiles. 

Polished Bricks are not really polished, })ut are rubbed on an 
iron plate so as to produce a moderately smooth surface. They 
were originally made to compete with pressed bricks, but are 
now seldom seen. 

Clamp Bricks are those which have been fired in a temporary 
kiln known as a “ clamp ” ; they are usually irregular in shape, 
but are useful in many cases where a better grade of brick can- 
not be obtained, as in new districts and in the Colonies. 

Glazed Bricks are those having their surface covered with a 
glaze so that they are more easily kept clean, or so as to produce 
a definite artistic effect. By the use of an intermediate layer 
of white or coloured clays between the brick and the glaze, 
beautiful decorative effects may be obtained. 

The uses made of bricks gives rise to tlie following names 
amongst others : — 

Fire-bricks are those made from clay with a great power of 
resistance to heat. They vary greatly in (luality, shape, and size, 
and are chiefly used for furnace lining. Fire-bricks must be 
almost free from metallic oxides, and are usually of a pale cream 
colour. Low grade fire-clays are largely used for the production 
of x>aving bricks, sanitary ware, and building bricks. 

Paving Bricks are chiefly made of a clay wliicli vitrifies in the 
kiln, as it is found that such bricks have a greater resistance to 
traffic than more porous ones. They are blue or yellow in colour 
and are sometimes known as “ clinkers 

Clinkers are small, well-vitrified bricks used for paving. In 
this country they are commonly yellow in colour, but the same 
term is used for any vitrified brick. 

Engineering Bricks are used in the construction of railways, 
bridges, and other civil engineering work. They must be of great 
strength and durability, and are usually vitrified and '“ring” 
well. The blue bricks from Staffordshire are used in enormous 
quantities in this way. 

Floating Bricks are of little practical use, though apparently 
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popular among the ancients. These bricks were made of a 
special fossil earth (found in Italy) and weighed only about one- 
fourth as much as clay bricks of an equal size, whilst their 
strength is the same as common hand-made bricks. In recent 
years light-weight bricks have been made by the addition of 
sawdust to the clay and by making the bricks hollow. 

Channel Bricks, Air Bricks, Plinth and Coping Bricks, derive 
their name from the uses to which they are put ; they must be 
made in special moulds, and so resemble terra-cotta work rather 
than ordinary brickmaking. 

Squints, Jambs, Bullnoses and Other Terms are used to denote 
special shapes. 

The qualities of bricks are responsible for the following 
terms : — * 

Malm Brkts, which are best quality hand-made bricks pro- 
duced from marl ; they are of a yellow colour. 

Seconds and Thirds are bricks sorted from contents of the kiln 
after the best bricks have been removed. Seconds ” are much 
used for work for which the best quality of bricks is not neces- 
sary ; seconds bricks are not good enough in shape or colour to be 
used as facings. 

Stocks are the average quality of bricks made in any district, 
but the term is mainly used for a certain quality of London 
bricks. 

Washed Stocks are a low quality of malm bricks. 

Grey Stocks are good bricks but irregular in colour, so cannot 
be used for facings. 

Bough Stocks correspond to “ thirds,” and are not suited for 
good work on account of their irregular shape and colour. For 
foundation work they are very satisfactory, being usually hard 
and sound. 

Place Bricks are only a low grade of brick, used chiefly for 
temporary purposes. 

Grizzles are insufficiently durable for outside work, but find 
a use in interiors and partitions. 

Shuffs and Shakes are unsound bricks and should not be used. 

Bats are rubbish, being the residue left when all the saleable 
bricks have been removed from the kiln. 

Crozzles are bricks which have been so over-heated in the 
kiln thatiibey have become vitrified and have adhered to each 
other. They are badjy shaped and of little value, being in- 
cluded ih the “ bats ” in the South of England. 

2 
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SAND, BREEZE, AND OTHER MATERIALS. 

As already mentioned, it is necessary with many clays to use 
non-plastic material in order to produce a satisfactory brick 
earth. The following are the materials most frequently em- 
ployed for this purpose : — 

Satidj like clay, is a product of decomposition, of rocks, but 
wlien of good quality consists almost entirely of silica. 

For mixing with clay, sand need not be pure so long as it is 
free from undesirable matter. 

When used for moulding bricks (in the hand -making pro- 
cess) the colour of the sand when burned is important. The 
finest Bagshot sand is considered to be the most suitable for 
red-burning bricks, and great pains are taken })y bi^ickmakers of 
good reputation to secure a satisfactory material. 

A white-burning sand is used for buff and white bricks and 
is of the Calais sand type. It must bo fairly free from iron 
oxide and in a very finely powdered condition. 

Coarse, shar[) sand is useless for moulding, though often 
valualde for mixing with the clay. 

Soil^ as a brickmaking material, is only used in the neigli- 
bourhood of London. The clay in that district is so strong tliat 
it is necessary to reduce its plasticity, and “soil,” being com- 
]mstil)le as well as non-plastic, has special advantages for this 
purpose. “ Soil ” is the fine material obtained by sifting do- 
mestic ashes or cinders, tlu^ coarser parts (known as “ breeze ”) 
being used for fuel. The “ soil,” in addition to reducing the 
contraction of the bricks, produces a special colouring, not 
otherwise obtainable, and attributed to the impurities (sulphur 
comi)ounds) which it contains. 

“ Soil ” — meaning surface-clay or loam — is (juite a different 
material, and is usually unsuitable for brickmaking, though in 
some districts it is successfully employed. Most brickmakers 
find it necessary to remove the top layer of earth (“ soil ”) and to 
discard it. This operation is known in some districts as “ en- 
callowing ”. 

Grog is, strictly speaking, clay which has been heated sufli- 
ciently to destroy its power of becoming plastic and has then 
been reduced to a powder. The term is, however, conveniently 
applied to ground bricks or other waste from a clay works, which 
is mixed with raw clay in order to produce a mixture in which 
the amount of contraction is within convenient limits. In 
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this country, grog is seldom prepared by calcining and grinding 
clay, but on the Continent several firms make a speciality of 
the manufacture of this material, which they supply under the 
trade term “ chamotte For most purposes fire-bricks, which 
are of too poor a quality to be oflered for sale, may be ground and 
used as grog, but for the manufacture of the best fire-bricks it is 
desirable that a special grog should be prepared. The use of this 
material is described more fully in the Chapter on “ Fire-bricks 

Chatk is found in such enormous quantities that it is readily 
procurable by those brickmakers who require to add it to their 
clay in order to form an artificial marl (page 8). For this pur- 
pose the chalk must be freed from stones and pebbles, and is 
generally washed in a special mill similar to that used for wash- 
ing clay. Chalk, being harder, requires a preliminary crushing, 
though the inclusion of heavy wheels with s])iked rims in place 
of two of the hurdles of the wash-mill is usually found to be 
efficient. 

Water is a material of great imj)ortance to the brickmaker, 
and if much difficulty is experienced inohtaining it clieaply tlie 
yard cannot be a success. For most brickmaking purposes the 
])urity of tlie water is of small importance, but sea-water must 
be avoided on account of the salts it contains. Other water 
rich in salts must be avoided for the same reason, as it would 
produce a scum on the surface of the goods during drying. For 
use in boilers, water should be as pure as possi))le, and facilities 
for collecting rain and other surface-water should be provided. 
With a little provision in this way it is often easily possible to 
procure ample su})plies of ]nire water at little or no cost, and 
the saving elfected in the cleaning of the boilers is an item well 
worth consideration at the juesent time. 

Hard IVatcr should be avoided in boilers unless it is softened 
before use. Tliere arc many arrangements now on the market 
whereby this softening may be efiected. Most of them are un- 
necessarily (*ostly for the hrickmaker’s i)ur])oses. The ])est 
water-softening agents are (iji order of merit): (1) baryta, (2) 
lime in conjunction with soda, (.’1) caustic soda and tan litpior. 
Hard water should bo fed into a large tank, treated witli Die 
softening material, and allowed to settle before it enters the boiler. 

Rain-water and surface-water need no treatment as they arc 
practically pure, though occasionally a little soda is necessary 
in order to prevent corrosion from slight traces of acids sometimes 
contained in them. 



CHAPTER II. 

THE GENERAL MANUFACTURE OF BRICKS. 

The clay which is thought suitable for brickmaking having 
been located, it is necessary to decide on the best method of 
working it, if good quality bricks are to bo produced. The com- 
position of the clay varies so greatly in some districts that it is 
impossible to decide which is the best method of/orickmaking 
unless the characteristics of the clay are well known. 

Practically speaking, several methods of brickmaking are 
possible, according as the clay requires a smaller or larger 
quantity of water to be mixed with it ; if no water at all is used, 
the semi-dry or dry process may 1)6 employed, although in many 
cases a better quality of brick will be produced if the plasticity 
of the clay is developed by the addition of water and subsequent 
treatment in the mixer. When only a little water need be 
added, the stiff plastic process may be used, and where more 
water is necessary the clay must be made thoroughly plastic 
and may then be shaped either by hand or by machinery. 

Clay is obtained from the pit or quarry, as the case may be, 
by digging or blasting, or by any of the improved methods of 
mining* As in most clay deposits the composition of the bed 
varies at different parts, it is necessary to exercise much care in 
choosing portions pf the bed from which the clay has to be 
taken. It is, therefore, usual to work horizontally in a series of 
terraces or steps, each step being the height of the particular 
strata worked, but conditions vary so in different deposits that 
each brick manufacturer must, to a large extent, be left to use 
his own judgment in the matter. Care and attention are re- 
quired if the clay hole is to be worked economically, as other- 
wise a large amount of useless material inay be shifted. Water 
in the clay hole is often a source of trouble, as its removal en- 
tails considerable expense. For most purposes a ‘‘ Pulsometer ” 
pump is the most suitable, as it can deal with very dirty water 
and has no wearing parts. When steam can' be carried: to the 

(20) 
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<jlay hole this pump ie particularly suitable, otherwise some 
form of diaphragm pump should be substituted. The ordinary 
types of pump, whilst excellent' for clean water, are not desirable 
for use in clay holes. 

Special oversight is needed to prevent the wrong strata be- 
coming mixed with those containing suitable material, piir- 
ticularly at certain stages in the quarrying, but with capable 
men no special difficulty in this direction need be experienced. 

In a few instances it is sufficient to work straight forward 
without any attempt to separate the impurities occurring in the 
clay. It is then wise to use a steam -navvy or other mechanical 
means of obtaining the clay, as with such appliances the cost of 
getting it is ^eatly reduced. 8team -navvies are useless where 
much sorting of the clay has to be done, and cannot be used in 
the coal mipes from which certain shales and fire-clays are 
obtained. 

Digging should, when possible, be paid for by the piece ”. 
This is very advisable because it enables the men to earn more 
per hour than day wages if they should wish to do so; yet, 
whilst keeping the cost of digging at a figure agreeable to the 
employer, it enables them to do som(‘thing in vtry bad weather. 
In the latter contingency an employee* would stop his men 
entirely if employed by the hour, wliereas on piece-work the 
men can earn something if they arc so minded. The only 
danger in “ piece-work ” is where careful sorting of the clay is 
necessary and the men are tempted to send unsuitable material 
to tlie mills. In paying ‘‘by the piece” the labour may l)e 
classed in two sections : (1) digging and filling barrows or wagons, 
(2) wheeling to the heaj). 

Easy, flat digging and filling is worth as a rule about 4d. 
to 6d. a cubic yard, but this item varies according to the 
hardness and accessibility of the clay. Wheeling away usually 
costs about l^d. per run of 20 yds. There is also the expense of 
untopping or encallowing a clay bank, putting in and shifting 
“ roads ” on which to wheel, and frequently of sorting out and 
getting rid of useless veins of earth. It is seldom that earth can 
be got on to the heap for less than Is. per yard all told, or 28. 9d. 
per thousand bricks, and it is in this that the hand maker is at 
a disadvantage compared with the makers of those Midland 
clays whfch are uniform to a great depth. The standard price 
for loading by hand into the hoist wagons is Is. per thousand, 
but when a steam-navvy is used, less than half these figures will 
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Buffice. In yards which only work for a portion of the year, tho 
clay is usually dug out in the autunan when the brickmaking 
has ceased. It is then all heaped up and left to he mellowed by 
the winter weather and especially by the frost, during which 
o}>eration the clay is completely broken up. Once or twice in 
tJie winter the heap may be turned over with shovels, so as to 
expose it more thoroughly, and to enable stones to be picked out 
as far as possible. This exposure of the clay is known a? 
“weathering”. 

Th(^ thickness of the layers of clay on the heap should not be 
too great, as tlic frost will seldom penetrate to a depth of more 
than 8 in. On tliis account it is desiralde to use a definite area 
of ground for exposing the clay to be weathered, apd to cover 
this all over to a sliglit depth and repeat the covering as often 
as possible, inste^ad of tipping the clay into a heap in 'the ordinary 
way. Sometimes the clay will be sufficiently broken up by very 
slight exposure to the air, and in some instances summer heat 
is quite as efficient as frost. The object of the weathering is the 
separation of-tlu' particles from eacli other so that they may 
more readily l)ecome plastic and produce a mixture of even 
composition when worked up with water. It is not only the 
]>owerful mechanical action of frost which is so beneficial in 
weathering. The meclianical actions which take place are often 
extremely valualde, and some clays which are almost unworkable 
when freshly dug, will be found to produce first-class bricks after 
the clay has been exposed for as little as forty-eight hours to 
the air. This aspect of weathering deserves more attention than 
it has received hitherto, and quite a number of brickmakers 
would fin'd it well worth their while to crush their clay and 
spread it in the open air for a couide of days before ])roceeding 
to use it. 

The getting of fire-clay from underground mines forms a 
special branch of mining, and must be studied from textbooks 
devoted to that subject. It is beyond the province of tlie brick- 
maker, who usually purchases such clay delivered at ground 
level. 

Whilst some clays are found in a state in which they can l)e 
made into good bricks without any imrification, there are many 
others which must undergo a preliminary picking or cleaning 
l)cfore they are fit to us(\ Many clays are so contaminated with 
impurities that much difficulty is experienced in working them. 
The Midland marls and shales are always troublesome on account 
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of the veiiiB of impure limestone skerry ”) which they con- 
tain, and which tends to make the bricks “ blow ” on exposure. 
Other clays are contaminated with gravel or other material which 
must generally be removed before they can be used. 

It will readily be understood from the above that the treat- 
ment a clay must undergo will depend upon its nature, the im- 
purities it contains, and the purposes for which it is to be used. 
Three chief methods of treatment are possible : (1) It may 1)6 
used direct ; (2) it may be mixed with some other material ; (3) 
it may be picked, washed, or otherwise purified before use. The 
first method is to be preferred when it is practicalde, though it 
can only be used for certain clays. The second method is fre- 
quently employed (especially in the manufacture of fire-bricks 
and other sifecial work), and in the South of England in connexion 
with “ malimng ” or adding chalk. 

The material to be added may be almost any mineral of a 
non-plastic nature whicli will not spoil the bricks and which is 
sufficiently cheap. In the real “ maiming,” chalk is invariably 
used, but in some districts the clay is reduced in strength, and 
made easier to work ])y the addition of sand or some other 
siliceous luatter. In the neighbourhood of London, “ soil ” is 
mixed with the clay for a similar purpose, and not only assists 
the drying of the bricks but aids their burning. The third 
method includes two entirely different modes of treatment (a) 
removal of stones or other obvious impurities, and (6) washing. 

To separate large stones, or unsuitable materials of a rocky 
nature, the clay must be examined carefully and the undesirable 
constituents removed by hand. Thus, the larger pieces of rock 
may readily be removed from boulder-clay and large nodules of 
pyrites, etc., from fire-clay, by this means, though ])ebbles of less 
than one inch diameter are usually too small to be thus separated. 
From some clays the smaller stones may be separated by mixing 
the material into a paste with water, and compressing it in a 
drum with perforated ends on sides. The clay passes through 
the perforations leaving the stones inside the cylinder. A numl)er 
of apjdiances for this purpose (known as “ clay jmrifiers ”) have 
been placed on the market and have met with considerable 
success on the Continent. The most popular one in this country 
is Whitehead’s perforated pug-mill. It consists essentially of a 
pug-mill which mixes the clay into a paste, and forces it through 
the perforations in the cylinder, the stones being discharged 
through an aperture in tlie base of the machine. 
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A simpler appliance for the same purpose consists of a long 
druin of perforated steel open at both ends and fitted with a p^ir 
of pistons which work in opposite directions alternately. One 
piston is fixed at one end of the drum and the latter is filled 
Y^ith clay paste. The second piston is then inserted and is used 
to compress the material. The clay exudes from the perfora- 
tions, and by the time the piston reaches the farther end of the 
cylinder only stones remain behind. The first piston is now 
withdrawn, and the second moved forward driving the stones in 
front of it, so cleaning the drum. This appliance suffers from 
the disadvantage of not working continuously, but for small 
yards it is often useful, and is less costly to install than the more 
efficient clay purifier previously described. 

Another form of clay purifier, which has met with great suc- 
cess in the working of Contiiiontal boulder-clay, is the invention 
of M. Bohn. It consists of a ]>ug-mill with a perforated barrel 



Fio. 2. — Bohn’s olay cleaner. 


and a partially closocl end (fig. 2). The clay is delivered into the 
open trough of a mixer, and after being treated with Bufficient 
water to make it into a paste is forced forward by the bladeB of 
the pug-mill. Under the great pressure exerted, the paste is forceij 
through the perforations in the barrel, all the stones being forced 
out of an aperture in the end of the barrel along with some clay 
This aperture can be closed partially or completely by means of 
the lever shown. In the most recent machines provision is 
made for adding water under pressure to the “stones” from 
which most of the clay has been separated, and in this way the 
remaining clay adhering to them is removed. The special feature 
of the machine is the construction of the barrel in small sections 
so that renewal of the perforated portions, as these become 
worn, IS readUy and cheaply effected. It is found in practice 
that perforations less than in. diameter are inadvisable in clay 
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purifiers, and consequently gravel and sand cannot be removed 
by their means. When it is necessary to remove these materials 
the clay must be washed. 

Washing, or mixing the clay with a large quantity of waiter, is 
a simple and frequently used method of separating it from stones 
and other impurities. Chalk when used is also'washed so as to 
clean it and reduce it to the necessary fineness to be properly 
mixed with the bulk of the clay. Some mixtures of chalk and 
clay in suitable proportions occur naturally, and are known as 
“real malms,” but more frequently a certain amount of chalk 
is added to produce an artificial malm. The clay and chalk 
are usually washed separately in large circular tanks known as 
wash-mills. In the centre of this tank is a pillar with the lower 
part of brickwork and the upper of metal. This latter acts as 
the pivot oil which is hung a horizontal frame containing a 
number of suspended harrows, or washing gates. The frame is 
rotated by horse or iiieclifinical power (the latter for preference, as 
it is much cheaper), the circular tank being filled to three-fourths 
of its deptli with water and the material to bo washed, a thick slip 
or slurry is soon formed by the tearing action of the tines on the 
harrows on the clay. At suitable intervals the mill is stopped, 
and the slurry allowed to run out into settling tanks or wash- 
backs, stones and other undesirable matter remaining in the mill. 
After being filled and emptied three or four times the mill must 
be thoroughly cleaned out, though the frequency with which 
this operation must be performed depends upon the proportion 
of impurity in the clay. During the last twenty years several 
important improvements have been made in the design and 
construction of wasli -mills, and it is now possible with some clays 
to work them continuously, 

A modern wash-mill may conveniently be about 14 ft. in 
diameter, the framework revolving 9 to 10 times per minute. 
It will require about 7 h.p. to turn it, and will treat from 20 to 
40 cub. yds. of material per day, the higher figure being reached 
with a fine clay or marl. 

The wash-backs are usually constructed like shallow reservoirs 
by building earthwork walls so as to form a series of large ponds 
or tankb about 50 ft. sq. and 3 to 4 ft. deep. Each wash-back 
should be provided with a wooden or brick flue, the height of 
which can be altered to suit the level of the clay and water in 
the back. This fine leads to a drain, and serves to carry off the 
water when the clay has settled. The water should be returned 
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to the waBh-mill and used again. A simple but effective flue 
consists of a wooden trough, sloping steeply ni the wash-back, 
the “ top ” of the trough being covered by a row of bricks which 
converts it into a “square pipe”. By removing the bricks one 
at a time the water may be run off from the clay at convenient 
intervals. 

As it is not always possible to arrange the settling tanks or 
wasli-))acks at a lower level than that of the wash-mills, the slip 
or slurry is often pumped out of the mill (plunger pumps being 
used for this purpose), and by fixing a comparatively fine screen 
to the suction end of the pump the necessity of emptying the 
wash-mill more than once every few weeks may be avoided, un- 
less the clay is exceptionally impure. Even when no pumps 
are used, the outlet from the mill is best covered with an iron 
screen, so that all the larger particles may be kept out of the 
slip going to the settling tanks. It is often customary to drive 
the mill for a certain time and then to stop it whilst the liquid 
is run ofl. This wastes time and should be avoided when possible, 
a constant speed of output being generally ])referablc, and usually 
attainable. * 

In the simplest form of power-driven wash-mill the harrows 
4iro hung at each end of a pair of T-irons, each about 14 ft. long, 
by chains attached to the hooks, so that as the mill becomes 
partially filled witli stones the harrows do not touch the bottom 
of the tank. To the centre of the T-irons is attached a hori- 
zontal pulley, the hub of which fits loosely over the vertical 
post in the centre of the mill. This pulley is driven from a chain 
from the engine, or, in the case of a horse-driven mill, it is 
replacc^d by a long wooden beam. 

The harrows should be about 3 ft. sq. and each should have 
a dozen teeth, or tines, made of iron rods an inch square. In 
some yards instead of driving the mill direct from the engine 
it is connected to a special pulley from the pug-mill. 

The chalk may he washed in a similar mill, hut it is more 
usual to replace one or tw^o of the harrows by a heavy spiked 
roller which more readily breaks down the lumps and enables 
the washing to be carried out more rapidly (fig. 4). 

A sufficient quantity of slurry having been run into the settling 
tank, or wash-hack, to fill it to a reasonable depth, a second tank 
must be brought into use, and the first left undisturbed until most 
of the water has risen to the surface ; it must then be run off care- 
fully by means of sluices at the side of the tank, until only a 
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thick maB8 of paste is left. This must then be left till suffi-^ 
ciently stiff for a man to walk on it without sinking, after which 
men are sent to dig out the material preparatory to its further 
treatment. During the last period of stiffening it is desirable 
to cover the mixture with a layer of sandy loam, so that it may 
not become hard and leathery. In the south of England “ soil ” 
(cinder dust) is used instead of loam (page 18). The workmen 
should dig vertically, starting at one corner and working down 
one side of the tank, and should not dig out the clay in horizontal 
layers. 

When a mixture of clay and chalk is used for brickmaking, 
the washing process is precisely similar to that described above, 
but the chalk should be mixed with an equal weight of clay 
before being washed, as if washed alone and then ‘mixed with 
the clay it is difficult to avoid the formation of wJii.te specks in 
the brick. Instead of feeding the clay-mill with water only, 
slip from the clialk-mill may he added in proportionate quantity. 
As the amount of water used will be about 100 gallons for every 
cubic yard of clay, it is wise to return the water run off from the 
settling tank io the wash-mills instead of wasting it. In some 
cases, owing to the position of the tanks and the mills, a pump 
will be necessary. 

It is a curious fact that most clays suitable for brickmaking 
by hand will pass through a sieve having 100 lioles ]Hir running 
inch, when the clay is mixed with twice its weight of water. So 
fine a sieve can only be used for testing, but the moving water 
in the wash-mill acts as though the clay were passed through a 
sieve, and by keeping the speed of the mill constant at the 
proper rate a wonderfully fine separation of the clay from the 
other materials may be made. When clay and sand are to be 
mixed together, washing machinery is not resorted to, owing to 
the density of the sand, but the mixture is made in a wet pan- 
mill or in a pug-mill or similar paste-mixing machine. 

It is customary when using malms (mixtures of clay and" 
chalk) to add a certain proportion of ashes (“ soil ”) ; this is known 
as soiling. The ashes used are ordinary cinders collected by 
the. dust-bin men and sifted so as to remove the larger pieces. 
The sifted “ soil ” is then laid on the top of the clay mixture in 
the settling tank and remains there throughout the winter. The 
amount of “ soil ” required is usually 20 cub. ft., or one-third of 
a chaldron, to every thousand bricks. At a later period it is 
thoroughly mixed with the clay, this latter operation being 
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•called tempering In many parts of the country “ soiling ” is 
not employed, as the sulphur in the ashes has a strong effect 
in colouring or discolouring the bricks. 

Haulage. — The use of mechanical appliances in getting the clay 
must depend upon the nature of the material and the depth of the 
yard, but in any case the construction of a tramway or rails will 
lessen the cost of moving the clay from one place to another ; 
the employment of these appliances is far cheaper than that of 
wheelbarrows. In fact, barrows should only be used where 
wagons cannot be employed. It is not at all necessary for a 
permanent track to be laid, though this is usually desirable on 
account of the smoother running. The ordinary track is made 
with 9 lb. to 16 lb. rails set 20 in. apart. If it is to be portable, 
one end of ^ach rail should be made with a sleeve into which 
the other end can be fitted, but for a permanent track the rails 
are nailed or bolted on to sleepers. The most useful form of a 
track for moderate sized or small yards is a single track made 
doiibhi in places so as to allow the wagons to pass each other, 
but wlu're endless haulage is employed it is usually better to 
hav(^ two tracks, as this greatly lessens the risk of accidents. 

Direct llatilage is clnuipest wlion efiected by means of the 
rope or chain, ])ut in small yards, or in special cases, horses or 
locomotives may be necessary. For instance, it not infrequently 
happ(ms that the clay bole is on one side of the road and the works 
are on the other, so tliat rope haulages (unless of the overhead 
variety) cannot l)e used. Horses and locomotives are, however, 
much more costly in relation to the work they do than other 
systems of haulage, except in those cases where there is an 
enormous output over a long distance, when it may be found that 
a locomotive, with a train of wagons, is cheaper than an endless 
rope or chain. 

The simplest system of haulage by rope or chain is obtained 
by attaching a drum to the engine or other shaft by means of a 
friction clutch, so that the clutch being put into action the rope 
or chain is made to coil round the drum and so haul up the 
wagons. One wagon is hauled up at a time, but with a suffi- 
ciently strong rope a number of wagons may be coupled together 
so as to form a train. This arrangement does not work con- 
tinuously as does the endless system of haulage, as the wagons 
must b^ hauled up and returned to the pit on the same track ; 
but the arrangement is simple in construction, and by choosing 
wagons of a suitable size can be made to work very satisfactorily 
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in many yards. If the incline on which the returning wagons 
travel is at all steep, a brake (usually of the band form) must be 
employed on the winding drum. On level tracj^s, or on those 
which are nearly level, some means must be provided for hauling 
l)ack the empty wagons, in such cases the ordinary main and 
tail system, or an endless chain or rope may be used. The main 
and tail system consists of two drums, one of which works the 
rope which liauls out the full wagons, and the other, a lighter 
rope, which pulls back the empty ones. A pulley-block placed 
at the end of the track farthest from the drums keeps both ropes 
fairly taut, and one drum unwinds whilst the other winds the 
rope. The thinner rope or tail rope must usually be about twice 
the length of tlie track, and is attached to the free end of the 



thicker main rope. The wagons are always lasteiied to tlic main 
rope as only one track is used. 

In luiuling by an endless rope or chain a horizontal pulley is 
usually employed. This ])ulley is mounted on a vertical sliaft 
and is driven by gcairing from the main shaft (lig. 5). Iho 
rope or cliain is supported at the farther end by a similar pulley 
which runs loose,” and the wagons are usually attached by 
means of simple vertical bars, fitted with a V-shaped opening 
(fig. 6) at the top. This opening engages with the roi)e or 
chain and is sutlicient for most inclines. Where necessary, a 
special clip (fig. 7) may be used to secure a more perfect at- 
tachment to tiie rope. When the number of wagons required 
is sufficient to support and balance the rope or chain, this system 
of haulage is the most satisfactory and convenient. It is often 
necessary to push the wagons by hand for a short distance, 
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egpecially near the working faces of the clay, but owing to the 
cost of human labour for this purpose, this part of the work 
should be made as small as possible, and every advantage given 
by means of iron plates, turn-tables, or portable rails. The main 
essential in a tramway system is that a large part of the track 
must be fixed permanently, though portable switches or joints, as 
well as permanent ones, often facilitate working. 

Turn-tables are essential in some cases. Usually they are 
permanent structures, but for some purposes a climbing turn- 
table is better. The climbing turn-table, which is in itself a 



Fig. 8 . — Climbing turn-table in use. 


special form of large iron plate, can be laid over the rails, and is 
provided with sloping sides so that the wagons travelling over 
the track get on to the turn-table (figs. 8 and 9). They may then be 
turned round in any direction desired, and led on by similar 
guides to another set of rails. Such a turn-table can be placed 
at any portion of the track, and so can be used as a temporary 
switch in places where permanent points are undesirable. It is 
mainly used to take the wagons in a direction at right angles to 
the main track when forming a heap for weathering, or in filling 
and emptying kilns. It has several other uses, and its applica- 
tion at the working face of the clay might usefully be extended 
to more than is at present the case. 
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The wagons can be made to hold any quantity from a 
barrowful to a ton of clay, according to the nature of the material 
and the system of manufacturing. A number of excellent types 
of wagons are now on the market. As a rule with endless chain 
haulage small wagons are preferable, as the load is distributed 
more evenly, but where horse haulage is used the wagons 
should hold about a ton of clay. Iron wagons which tip side- 
ways (fig. 10) or endways (fig. 11) are deservedly popular and 
are made by several well-known firms. Steel wagons of the 
two shapes illustrated are the best for conveying large quantities 
of clay at a time. They should be strongly built, without 
any joints at the corners of the body rim, and should have 



Fig. 9. — Klemp, SohuUze & Co.’» portable turn-table {in course of erection). 

a strong angle steel framing at inside. The wheels should 
be specially toughened and provided with ball bearings for 
easier running. The body should be well balanced so as to tip 
easily when required, but should be provided with a simple and 
reliable fastener to keep it from tipping unexpectedly. Where 
several cars are to be fastened together, swivelled couplings are 
desirable. 

When endless haulage u]) a steep incline is necessary, small 
oblong wooden wagons, each holding about 8 cub. ft., are very 
satisfactory. These are run into a tipping frame and so are 
emptied. ^ These tipping frames can only be used where the 
material has to fall to a lower level than the track, whereas 

3 
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Fio. 10. — Side-tipping wagon. 



Fia. 11. — End-tipping wagon. 
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side-tipping wagons of the type illustrated (fig. 10) can tip on to 
the level of the track. 

The track should be made as straight as possible, as a straight 
line is always shorter than a curve, and it will often pay to re- 
move irregularities in the ground rather than take the line a 
further distance round.* The slope of the track should not ex- 
ceed 35 degrees, and it is much better when the inclination is 
less, as the cost ‘ of transporting and the risk of accidents are 
both reduced on more level tracks. In many yards an artificial 
staging, or gantry, is used, it being found that this, when made 
of rough timber, is cheaper than the levelling of the ground for 
the construction of an earth embankment. The rails used are 
light and laid 1 6 to 22 in. apart. Unless used on the gantry they 
must be laid ton sleepers. It is usual to lay the sleepers at right 
angles to the rails, but brickmakers in America claim that there 
are advantages to be derived by laying the timbers in the same 
direction as the rails themselves, and it is certainly far cheaper 
so to lay them. 

The most 8uital)le moans for haulage in most brickyards is 
an endless chain or rope, or a combination of rope and chain. 
This should not be heavier than is necessary, and a rope f in. 
diameter is sufficiently large for most purposes. The rope or 
chain should be supported at intervals by rollers or pulleys, 
especially it* it is near the ground, as nothing wears it out more 
rapidly than dragging it over a rough surface. The speed with 
which it travels should not exceed four miles an hour. The 
wagons are attached to the ropo' by means of a special clip, but 
when a chain is used a simple fork luojecting above the wagon 
and engaging one of the links is sufficient. In this case it is 
usual to arrange tlie chain so that the wagon is automatically 
released as soon as it reaches the place where it is desired 
stop it. This is done by taking the wagon to a rather greater 
height than is required, and letting it run down a short incline 
at the last, the chain being raised well out of the way. Witli an 
endless chain the adaptability of wagons in turning sharp curves 
is very noticeable, especially if at the point flanged rollers are 
placed to receive tlie wagon and enable it to leave again in the 
desired line, the road being inclined in such a way that the fork 
of the wagon disengages from the chain until the wagon has 
passed rognd the curve, when it again comes in contact with 
the chain and is hauled forward. No special mechanism is 
necessary, as all that is required is to fix the rollers at the right 
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height above the wagons, and to see that the slope of the track 
at the curves is in the right direction. When clips are used they 
should be provided with an automatic release. 

It is often convenient to use two or more endless chains in- 
stead of one, as changes in the direction of the track can then 
be more easily arranged. In such cases a vertical shaft is 
erected, and on it are fixed two or more rollers or pulleys, one 
being used for the first endless chain and the others for the 
second and, if need be, for a third chain. 

With all systems of endless chain haulage it is desirable to 
have some kind of brake to prevent the wagons from running 
backward on a temporary stopping of the hauling engine, and 
with several chains on the same axle some l)rake arrangement 
is essential. For the former, the simplest form is a collar round 
the shaft fitted with cogs above and b(dow. A loosely liung bar 
of steel fits into these, one at a time, and forms a tatcdiet which 
compels the pulleys to travnd in one direction only. Without 
some arrangement of this kind the wagons may run back and 
serious damage he done. 

Quite recently aerial ro])eways (fig. 12) have been used where 
the ground is occu])ied, or where it is irregular or otherwise 
unsuitable for a tramway. Several firms are now prepared to 
supply these aerial systcuns of transport, but the one which has 
been most successful in connexion with clayworking is that of 
Adolf Bleichert ^ Co. In this the bucket is carried by two 
pulley wheels connected together and running on one rope, 
whilst a clip on these wheels grips another rope which hauls the 
bucket to its destination. It is in the peculiar construction of 
the clip or jaw that the apparatus shown has the advantage over 
many other an*angements for aerial ropeways, as the Bleichert 
grip (fig. 18) is formed of two jaws which grip the traction rope. 
One of the jaws is firmly fixed to the carriage, while the other, 
constructed as angle-lever, constitutes the counterpiece to the 
fixed jaw. The weight of the hanger, car, and respective load 
is borne by the longer arm of the angle-lever. The power of the 
grip is therefore determined by the proportion of the angle- 
lever’s arms, and as this proportion can be adapted to the maxi- 
mum gradient of any line, the safety of the apparatus is ensured. 
The jaws can be made of a sufficient length to avoid damaging 
the traction-rope. The pressure, with which the rope is gripped 
by the gripping jaws is produced by the weight of the car and 
its load, and is increased by means of levers. 
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When harroffg are used for moving clay their shape and size 

is more important than 
is often supposed, and 
the distance of the 
centre of gravity when 
loaded from the line 
joining the point of con- 
tact with the ground, 
must be carefully ad- 
justed. If it is over 12 
in. the workman will 
find it difficult to bal- 
ance the barrow and his 
output will be dimin- 
ished. 

The spades used in 
digging clay should be 
of medium weight, not 
too wide, and should 
, , 1 , , have a flat or slightly 

curved bhide^ if the (day is pasty (fig. 14). For dry clay a wide 
shovel with Bide flanges may be used. In this country the 



Fig. 13.- 


-CUp and runnerH for Bloichert 
conveyer. 



Fig. 14. Spades, etc., used in cIay*diggiDg. 
spades have almost straight blades, but in America a strongly 
sloping blade is considered more satisfactory. ' ° ^ 


CHAI^ER III. 


HAND-BRICKMAKXNG PROCESSES. 

Most clays which can be worked up into a suitable plastic 
paste can be made into bricks by th(^ aid of hand-moulds, but 
at the present time hand-making is chiefly practised in the. 
South of England for ordinary facing bricks, and in the Midlands 
and North foi;the manufacture of fire-bricks, for specially moulded 
bricks, and terra-cotta. As almost any clay with sufficient 
plasticity can be moulded into bricks formed by hand, the 
numb(>r of clays of widely differing characteristics described as 
“ brick earth ” is very largo, and the prospective brickmaker must 
be careful in his (dvoice of material, for some clays are impossible 
to use commercially, even when, apart from the cost of manu- 
facture, it is quite possible to make good bricks from them. 
It by no means follows that bi'cause good bricks can be made 
from a certain clay that they can be produced at a cost which 
would be commercially satisfactory, and the prospective brick- 
maker should exercise the greatest caution before embarking on a 
new enterprise, even when ho has seen excellent specimens of 
articles made from the clay it is x^roposed to use. Thus, true 
London clay is very troublesome to those unacquainted with its 
special nature, as it appears to be highly jdastic though in reality 
it is not so, though it is very sticky. It is very doubtful whether 
first-class bricks can ever be made from strong London clay, 
though a commoner brick is made in large quantities. A strong 
clay, in the absence of an ample supply of mild loam or sand, can- 
not be made into good bricks, though those of an inferior quality 
may be produced in some cases. The reason for this is that clay 
which is very strong shrinks excessively on drying and burning, 
and BO it is almost impossible to prevent cracking to such an 
extent as to make the bricks composed of it practically useless. 

Nodulh of all kinds should be avoided in clay to be moulded 
by hand. They can be removed by washing the clay, but it 
seldom pays to do this. 


(B9) 
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Stones, when occurring in a strong clay, are a blessing to the 
brickmaker, provided that the stony matter is of a siliceous 
nature (not limestone), but in a very mild clay the presence of 
stones will reduce the plasticity too much, so that they must be 
removed before such clay can he used. 

Siliceous or sandy stones, when found in strong clay, may be 
ground up with it, and so j)roduce a mild mixture which will have 
the proportion of stones and clay which produce a good quality 
of brick, the colour of which will depend upon the composition 
of the mixture. When stone-hearing beds occur with clean, mild 
or sandy clays the stones may be picked out by hand or l)y soiifie 
form of mechanical clay-cleaner (page 22), and are frequently 
valuable as a by-product. 

Sa}id and Graved can only be removed by washing. 

The most popular clays for hand-l»rickmaking are the Oxford, 
Heading, Hagshot, and (laiilt beds in the South iWl the East 
and the Midland Ix^ds, but many surface-clays in different 
parts of the country an^ locally considered to l)e of gr(‘a.t value 
for this purpose. 

The Preparation of the Paste for hand-brickmaking is effected 
as follows: Th(‘ clay, after any necessary ])uritications and 
th(^ addition of any non-])lastic material, must be mad(‘ up into 
a pa.st(* of sutiici(‘nt softni'ss and plasticity to turn out (‘asily 
from the mould and to dry and burn without cracking or warp- 
ing. It is necessary to eff’(‘ct a thorough mixing of the various 
materials, tio ensure their reduction to a sufficiently fine state, 
and to incorporatt' tin' ])recise amoiujt of water to produce the 
desired plasticity. The clay may be suffici(ujtly pure to be used 
direct, with or without the ad<lition of non-plastic materials, 
such as sand or chalk, or it may have been purified by washing 
or some other treatment. Turf, top-soil, gi’avel, or a,n excessive 
amount of stone or sand must be removed in the ge,tting of the 
clay, so far as this is possible, hut in certain clays washing 
cannot be avoided. 

Washing is carried out in w’ash-mills similar to the one de- 
scribed on i)age 25, the clay being churned up with a suflicient 
quantity of water to produce a thin slip, or slurry, out of which 
the stones settle whilst the clay is carried round in the slurry. 
This is run off to a wash-back, and the clay having settled, the 
water is run off leaving a stiff i)aste. 

Another useful method of cleaning clay from stones is a 
mechanical clay-cleaner which consists of a sieve or perforated 
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screen through which the clay (previously made into a paste) 
is forced, the stones being left behind (page 24). The disad- 
vantage of these clay-cleaners is that they only separate the 
larger stones, yet the very small ones, in the case of limestone, 
may be as detrimental as any ; hence, whilst clay-cleaners may 
be satisfactory when only stones over J in. diameter are present, 
clays containing limestone must be washed if the removal of the 
small stones or gravel is really necessary. 

Clay sufficiently free from objectionable, ingredients having 
been obtained, it is next necessary to reduce it to a state in 
which it will readily mix with the water required to make it 
into a uniform plastic paste. If it has been washed it will 
already be in a i>asty condition as it cojnes from tlie settling- 
tanks or wasli-])acks (l)age 25), otherwise it must be ernslied, 
unless it is so fine and mild that treading or r(‘]>eat(‘d turning 
over with a spade will convert it into a state in which it jnay he 
taken to the pug-mill. 

The crushing or grinding may be effecttu] hy a i)air of crush- 
ing rolls or in a pan-mill with edge runners, the former being 
generally em]>loyed for strong sticky clays and the latter for 
hard ones. In some cases it is necessary to use several pairs of 
rolls or a co]nl)inatioji of rolls and edge-runners (page 80). Much 
unnecc'ssary grinding or crushing may be avoided by weathering 
the (day t horoughly. Indetul, weathering (page 22) should never 
be omitted when it is likedy to lumefit the- clay, as it (‘ffi'cts a 
disint(*gration far more (a)m]>lete than is possible witli any kind 
of crushing imudiiiui. The oxidizijig and other actions which 
take place in weathering Jire also hiq)ortant to the brietkmaker, 
and many clays whicdi c'aiinot he list'd when freshly dug will 
make excellent bricks and tiles if the clay is exjiosed to the 
action of the weather for a short time ]>revious to its being sent 
to th(‘, mills. 

Most makers of hand-made bricks declare that hand-mould- 
ing cannot be effectively carried out with clays which require 
much preliminary (rushing, and when crushing rolls have to be 
employed, it is customary to manufacture only machine-made 
bricks. A notable exception to this is found in the case of fire- 
brick manufacture in which the hard, rocky clay is first crushed 
by rollers or pan -mills before being mixed with water and puggt^d. 
With most other hand-made bricks the clay is taken direct from 
the bod or weathering heaii and pugged, or it is washed, and the 
purified clay from the wash-hacks is sent to the pug-mill. 
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For some purposes edge-runner mills give better results than 
crushing rolls, though they require the clay to be dry and not 
too sticky if large outputs are desired. The use of edge-runner 
or pan-mills is described in the chapter on “ Stiff-Plastic Brick- 
making These mills are seldom used for bricks made by 
hand-moulding, though in the laanufacture of fire-bricks their 
manufacture is common and desirable owing to the peculiar 
nature of fire-clay, which is essentially a rock needing to be 
ground to a powder before being mixed with water. Clays of a 
rocky character are usually most conveniently treated by the 
stiff-plastic system, but when very low in plasticity it may be 
preferable to use more water (as with fire-clays) and to mould 
them by hand. They are then best crushed in an edge-runner 
mill and, after sifting, are mixed with water in a pug-mill until 
a uniform paste is obtained and a consistency suitable for hand- 
moulding. Such instances are comparatively rare, so far as 
ordinary hand-made building bricks are concerned. 

After the material has been treated so that no hard lumps 
remain in it, water must be added so as to convert it into paste. 
This operation is known as tempering y and is best performed a 
couple of days before the clay is to be pugged. The reason for 
this is the souring, or putrefaction, which most clays undergo 
when kept in a moist state, whereby the water is more fully 
distributed and a more homogeneous paste is the result. The 
preliminary tempering should be made by mixing some of the 
clay with water and turning it over with a spade, this operation 
of watering and turning over being repeated until sufficient 
water has been added. It is not wise to shirk this part of the 
process of manufacture, as some makers do who put their clay 
direct from the crushing plant into the pug-mill. 

It is generally wise to allow the clay to soak for some little 
time before it is turned over by the spade, though in some cases 
this turning over is unnecessary if the soaking is sufficient. 
Rocky clays, on the other hand, are scarcely effected by soaking. 
The use of hot water instead of cold is valuable in the tempering 
of some clays. 

When the clay is taken from wash -backs, the men should be 
instructed to dig downwards and not take off layers of clay from 
the top of the deposit. If the various earths of which the bricks are 
to be made have been previously spread over the surface of the 
tempering shed, or ground in layers of the required thickness. 
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cutting the material vertically will ensure the portions taken 
having the desired composition. 

In former times it was customary to continue the spade work, 
or tempering, of the clay until a plastic paste was produced, this 
process being aided by the treading of the clay under horses or 
men’s feet; but this method has, to a large extent, died out in 
this country (though it is still practised in the manufacture of 
crucibles for steel making, for retort clay, and for a few other 
special branches of clay working) as it is found that pugging is 
more effective and far cheaper for ordinary bricks. In the 
neighbourhood of London, where ashes arc* added to the clay, 
they are mixed in during the process of tempering it by spade 
labour, previous to the mixture being taken to the pug-mill. 

In the manufacture of tiles (when* a better price is obtainable 
in proportion to the amount of clay used) foul clays (i.e. those 
containing stones) may he soaked for some time, and the paste 
thus formed is “ slung ” or cut into thin slices with a wire before 
being pugged ; hut this operation does not ]>ay in the case of 
bricks. When slinging is resorted to, the clay should be passed 
once through the pug-mill and then cut up into thin slices with 
a wire, as the time taken in the ])repar{ition of the paste is 
thereby greatly reduced. The object of slinging is to enable the 
stones in the clay to be readily picked out. A similar purpose 
is served by tlie mechanical cleaners already described. 

Pugging . — After being mixed with water in the operation of 
tempering, the clay is in the form of a paste of fairly regular 
composition. It must be made homogeneous by^a further pro- 
cess of mixing ; the usual plan being to treat it in a pug-mill, or 
in a grinding-pan with edge runners and a solid revolving pan. 
The pug-mill is more commonly used, though in the manufacture 
of fire-bricks and fire-clay goods the clay paste may be kept in 
a pan for about twenty minutes with most satisfactory results. 

For hand-brickmaking the pug-mill is usually of the vertical 
type, the tempered clay being thrown in at the top and gradually 
becoming more uniform in character as it passes through, find is 
finally discharged at the bottom. The mill with an upright 
shaft, to which are attached knives passing through its centre, 
is usually made of wood and resembles a large barrel, but during 
recent years various alterations in the construction of pug-mills 
have been made, and many iron cylinders and wooden conical 
bodies are now in use. The horse-driven mill is slowly, but 



44 


MODERN BRICKMAKINO 


surely, giving way to the mechanically driven one, as a horse is 
unable to give more than a very slight pugging. This is un- 
satisfactory in the case of unwashed clays, and the use of washed 
earth is rapidly diminishing on account of the expense of wash- 
ing and the space occupied by the settling tanks. With washed 
earth, pugging is scarcely necessary, tliough it should never be 
omitted. 

The value and efficiency of a pug-mill depends upon its size 
and upon the arrangement of the knives. If too small, and 
especially if too short, tlie mill will not mix the clay sufficiently, 
and if tlie knives are incorrect in Bhai)e, or are badly arranged, 
the clay will emerge without being liomogeTieous. The older 
forms of pug-mills are singularly incffi(uent, as the blades are too 
small to l)e of much service and tln^ amount of kneading and 
mixing which occurs is com])aratively small. Binader knives, 
which would act better, re<]uire more imwer than can usually be 
given by a horse. 

A better typo of mill is sliown in fig. 15, ])ut this is ]mwer 
driven. When constructed aecordijig to the suggestions of A. E. 
Brown, it consists of a conical wooden vessel A mounted oji fi in. 
square oak cross sills B and between two e(|ua]ly stout upitghts 
CC tied near their u]>per ends ])y the cross beams DD and by 
other strong struts (not shown) which take the thrust of the 
driving belt or chain. The 2^ in. countershaft F, sup])orted by 
two pluiiimcr blocks //’, carries a 5 ft. juilley 11 (driven direct from 
a 12 to 18 in. pulley on the engine) and th(‘ bevelled pinion 
The 24 in. vertical shaft EE is carried by two plunuuer blocks 
ee and a foot-step g. This sluift is mad(‘. in two f)ieces, connected 
with a sliding coupling (I, in order that the upper ]>ortion may be 
turned apart froin the lower onewdien desired, as when a second 
pug-mill or wash-mill is driven from the chain wheel Ij, on the 
same countershaft, tlie ])resent ]iug-niill not being required. 

Five knives ft, and a scraper to force tlie clay out through 
the opening C, are [)rovided, the sha])e of the former being of an 
American typo not well known in this country, but very satis- 
factory wherever they have }>eeii used. The essential feature of 
these knives is the possession of one unsym metrical and one fiat 
side, as shown in fig. 10, the shape of the scraper b is })etter 
shown by fig. 17. 

When run at four or five revolutions per minute, a mill of 
this type, 3 ft. 6 in. diameter at the top tapering to 3 ft. 2 in. at the 
bottom and 4 ft. 6 in, to the top of the barrel A, will pug sufficient 
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clay for 6000 bricku per day, although a larger quantity can be 
turned out if it needs only a light pugging. 

Fig. 18 shows a pug-mill of the old horse-driven type, but of 



Fid. iG.— Blades of pufj-mill (A. E. Brown). 

superior constru(;tioii and capable of prex)aring sufiicieiit clay 
for about 5000 bricks per day. The knife is the Archimedeim 
type, preferred by the makers. The knives in this mill do 



cc 

Fig. 17.— Bottom Korapar of vertical pug-mill (A. E. Brown). 


not merely cut the clay but turn it over in each revolution, so 
that every part of the clay is submitted to their action, and being 
furnished with scrapers or cleanshig knives, clogging and exces- 
sive adhesion to the sides of the mill are prevented, and the whole 
mass of clay is more thoroughly amalgamated than in the earlier 





HAND-BRICKMAKING PROCESSES 


47 


forms of mill. Like many other mills of this type constructed 
of iron, this one is deficient both in height and diameter where 
difficult clays are worked. Unless the circumstances are excep- 
tional, the barrel of a vertical pug-mill for clay for hand-brick- 
making should never be less than 3 ft. diameter in any part, nor 
less then 4 ft. 6 in. high, and only one outlet should be used at 
a time. 

Feeding is facilitated by making the mouth of the barrel 
somewhat bell-shaped, and the ejectment hole should be fitted 
with b, sliding door in order to regulate the speed at which the 
clay travels through tlie mill and to secure its being sufficiently 
pugged. 



A typical power-driven mill of the all-metal type is shown in 
fig. 19, but it would be more efficient if made both higher and 
larger than those usually kept in stock. Mills of this type are 
supplied by all makers of clay-working machinery and require 
2 to 6 h.p. to drive them. 

The illustration of the machine in fig. 20 represents a power- 
driven pug-mill in which the upper part is expanded so as to 
secure greater mixing power. The machine has two sets of 
knives, one in the large pan and another in the barrel, and the 
former are so arranged that at each revolution the clay is taken 
one step nearer to the centre of the mill. The delivery opening, 
which is placed tangentially to allow of free delivery, is fitted 
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with a sliding door actuated with screw and hand wheel, so as to 
adjust the opening to suit the condition of the clay required, 
but a simple slide is sufficient for most purposes. Such machines 
are specially suitable for hard clays which do not mix readily 
with water, such as shales and fire-clays. 

The “ Vulcan ” mill (fig. 21), made by the Horsham Engineer- 



Fia. 19.— Pug-mill for small yards. 


ing Co., has an elevating arrangement by which it delivers clay 
on to the brickmoulder’s table and is a useful labour-saving 
device. 

Some brickmakers maintain that horizontal pug-mills are 
unsatisfactory for hand-made bricks, and that they require more 
power to drive them. The contention is not well founded, though 
the effect of gravity in a vertical pug-mill should, theoretically, 
reduce the amount of power to pass the clay through it. In 
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some tests made by the authoi* this difference was so small as to 
be negligible, and it may therefore be left to the brickmaker to 
suit hie own convenience in handling th'e clay ae to whether a 
vertical or horizontal pug-mill ie used. Horizontal png-mills 
axe described in Chapter IV. 



i'Ki. 20.— Vertioiil pug-mil] for fire-clay, etc. 


The I)est speed for runnijig a pug-mill will vary with its con- 
struction and with the clay used. The makers should be con- 
sulted on his matter. An ordinary vertical pug-mill should be 
worked at a speed of five revolutions of the shaft per minute, 
but the speed which is really most suitable for a partibular clay 
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can only be aBcertained by actual trial. The men engaged in 
feeding the pug-mill must see that it is kept full of clay, or the 
latter will be imperfectly mixed. 

Moulding . — Two distinct methods of moulding bricks by hand 
are in use at the present time. In the first, the mould is dipped 
in water before being filled to prevent the clay adhering to it. 
This is known as “ slop-moulding ”. In the second method the 
internal surfaces of the mould are covered with sand, whence the 
term “ sand-moulding ” for bricks made by this method. 

Considerable differences in dealing with the clay when once 
the brick has been formed in the mould are also common. 
Thus in ordinary slop-moulding a boy takes the filled mould 



Fia. 21. — ^Elevating pug-mlil. 


from the maker’s bench to tlie drying floor and turns out the 
brick on to the floor, returning to the bench with the empty 
mould. Meanwhile the maker fills a. second mould. In sand- 
moulding, on the contrary, but one mould is used, and the 
maker, after filling it, turns out the brick on to a pallet or carry- 
ing-board. This distinction does not hold good in all cases, 
however, as with some clays (notably fire-clays) the bricks are 
slop-moulded, and then turned on to pallets by the maker. 
These differences in treatment really depend on the stiffness of 
the brick in the mould, and the extent to which it can be 
handled after leaving the latter. 

Bricks which have been moulded and turned out on to a pallet 
are placed on barrows, and a considerable number of them taken 
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to the hack or drying floor, which may be at a considerable 
distance from the maker^s table, but in some instances drying 
floors on wliich the makers move their benches to and fro are 
employed. 

It is convenient, for the sake of clearness, to describe the 
sand and slop-moulding processes and the subsequent hand- 
ling of the bricks quite separately, though from the foregoing it 
will be understood that in some works portions of one process 
are made to follow those of the other, when the nature of the 
clay enables this to be done, and time or labour to be saved 
without detriment to the bricks. 

The moulder’s table or “ stool ” is very strongly made, about 
6ft. by Jlft. and about dft. high, it is provided with various boxes, 
etc., according to the method of brickmaking adopted, and whilst 
the shape and ^ize of the table and the fittings differ in various 
localities tJie i)riricii)al arrangements are the same in all. 

In Slop- Moulding the table is furnished with a box for sand 
and another for water, these being so placed that when the 
moulder is at work the sand-box is at his left hand, the water- 
tank is in front of him, and the clay ready for use at his right 
hfind, ample room being left for the working of the clay. A 
larger tank for water stands at the h'ft side of the table. 

Ill making a slop-moulded brick the workman sprinkles some 
sand on tin*, vacant part of the table immediately in front of 
himself, takes a lump of clay sufficiently large for his purpose, 
and knoa-ds it on the sanded table to the shape of a brick. He 
then takes a mould and dips it into the water-trough so as to 
wot it thoroughly, at the same time cleaning it from any adhering 
material, and places it on the table. He next raises the rough 
shaped clot of clay and dashes it with considerable force into the 
mould. The next operation consists in compressing the clay so 
that it may fill the mould completely, and this is done by the 
workman using his hands, or a small flat board with a vertical 
handle called a “ plane The superfluous clay is then removed 
by the workman’s thumbs, an even surface being given by finally 
drawing a straight edged strip of wood (termed a “ strike ”) across 
the mould. The strike is then thrown back into the smaller 
water-box. A boy picks up the mould with its contents, and 
carries it to the dryer floor, where he lays it down, and with a 
skilful twtet of the hand turns out the ready-made brick on to the 
floor. Meanwhile, the man fills a second mould, and has another 
brick ready by the time the boy returns to the bench. 
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NumerouB variations of this process are known. Thus, the 
man may make the boy wash his moulds so that they are wet 
and ready for use when required. Sand is not used in some 
cases, the mould being then placed on a moulding-board covered 
with fustian kept continually wet. Instead of a strike to smooth 
the face of the brick, a flat polishing tool or plane is sometimes 
used, both sides of the brick being smoothed in turn. In some 
yards, as already mentioned, the bricks are snfiiciently stifi* to 
bear more handling, and are therefore turned out on to pallets 
as described in hand- moulding. It will bo seen that the distance 
the carrying-off boy has to travel must not })e greater than will 
allow him time to return to the table by the time the moulder 
has a fresh brick ready. On this account, the men who work by 
the slop-method are compelled to be close to the drying-shed, 
and usually work in it. Tlie loy starts setting d^wn the bricks 
in a series of straight lines extending from the wall of the shod 
to the table, and as soon as a considcralde portion of the floor is 
filled with l)ricks the table is moved to a fresh ]>osition. The 
object of this is to reduce the distance travelled by the boy as 
much as possible, without unduly hindering the moulder by too 
frequent movings of the table. 

The bricks on the drying floor are often covered with a thin 
sprinkling of sand to prevent them cracking, and may afterwards 
be taken to the kiln or to a hack-ground where they are stacked 
up for furtlnr drying. 

The output of a man working by the slop-method with the 
necessary attendaiict^ is seldom more than 10,000 bricks per 
week, and 1500 bricks per table is reckoned a good day’s work. 
This is much loss than the output where sand-moulded Inicks 
are made. Under specially good conditions, and with a clay 
which can be worked fairly stiffly, a. daily output of 2000 slop- 
moulded bricks can be reached, but is only maintained with 
difficulty. In Central Ireland the author has s(Mni two men and 
two boys producing 1000 bricks per hour for fiv(‘ hours at a 
stretch. They were extremely rough, and the clots prepared by 
one man were simply thrown into the mould and roughly 
“thumbed off*” by another, the mould being kept in a tub of 
water when not being filled. 

In making sand-moulded bricks a different mode of procedure 
is employed. In this case the moulder’s ta))le is provided with 
a deep rim at each end and partly along one side to keep the 
sand in place, a small box containing water for lidding the 
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strike, and a “ stock-board ” or “ bed ” on to which the mould 
fits close to the table, and often fastened to it is a projecting 
beam, 3ft. to 6ft. long, on which are two thin iron rods fastened 
parallel to each other, and which serve as rails along which the 
pallet boards may slide. This appliance is termed a page 
The moulder stands facing the table with the “ page ” at his left 
hand, and on his right is an attendant (often a woman) known 
as the “ clot-moulder,” the sand for the use of these two workers 
being placed at the opposite ends of the table. 

In order to make bricks by this process, the clot-moulder 
sprinkles part of the table with sand, and, on the portion thus 
prepared, kneads up a lump of clay o£ the correct size into a 
rough brick and places it ready for the moulder. This man, 
having sprinkled the stock-board or bed with sand, plunges the 
mould into thp sand-heap and covers its inside surfaces with a 
thin coating of sand and places the mould on the bed. He then 
takes the clot prepared for him, dashes it forcibly into the 
mould, and presses the clay with his fingers so as to completely 
fill the mould. This operation is known as “ walk-flatting ” and 
requires considf^rable skill. If the clot is too small sand-folds 
will appear on the face of tl)e brick, and if too large it will not 
enter the mould properly. 

When the mould is filled, a sufficient thickness of clay should 
project from the top of it to provide a clean, raw base for the 
next brick, and care must be taken that the moulder takes this 
ofl* with his thumbs or with a wire and lays it on the freshly 
sanded table with the cut face downwards. Otherwise, sand- 
folds are inevitable when the clot-moulder puts a fresh piece of 
clay on to this and proceeds to shape one clot from both. 

The excess of clay having been removed by “ thumbing ” or 
with a wire, the surface of the brick in the mould is smoothed 
by drawing a straight edged strip of wood (termed a strike ”) 
across it in such a manner that the arris of the strike removes 
any excess of clay. The flat side of the strike must not be used, 
and to obtain a good finish the strike must be kept very wet. 
The mould is next lifted from the stock-board, placed against an 
empty pallet, and, ])y a dexterous twist, the brick is turned 
out on to the latter and left on it on the page. The mould is 
freed frorh any adliering material, again sanded, and is ready 
for use. If the sand will not adhere proiierly to the mould the 
latter is wetted occasionally. 

The brick with its pallet is taken from the page by a boy and 
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placed on an off-bearing barrow, and when the latter is full, Band 
ifi sprinkled over the bricks and they are carefully wheeled away 
to the hack-ground or dryer, where they are set on edge, in 
hacks eight or nine bricks high with the aid of a second pallet 
placed on top of the brick, so as to enable it to be carried and 
turned sideways. Very thick bricks should only be set five or 
six bricks high. 

The construction of tlie off-bearing ))arrow is a matter re- 
quiring some attention. Too many of those in use are badly 
balanced (making the la})our of wheeling unnecessarily great), 
or they are built too low for the most convenient work. A well- 
designed off-bearing barrow must bo capable of travelling over 
rough ground without the bricks on it being damaged, and yet 
the arrangement of the springs must be simple and not likely 
to get out of order. Spiral springs and those o^ the bow tyi)e 
are not usually satisfactory, and a much better pattern is that 
supplied by W. Bracknell. In this the spring is a jdain strip of 
steel with a double curve, and is so placed that tlie axle of the 
wheel is at the strongest and most rigid part of the barrow, 
whilst 'the l)ricks are supported by a spring of ample size and 
power. In most harrows the springs are placed in such a 
manner that strength is lost, and the “ life ” of such barrows is 
consequently short. 

With three barrows — one of which is always being loaded — 
two num to wheel and hack, a boy and a clot-moulder, a brick- 
maker can turn out 4000 to 5000 bricks per day if he is kept 
well supi>lied with clay, and a weekly output of 30,000 bricks is 
not infrequent. Where best quality facing bricks are required, 
a lessor output must be expected on account of tlie greater care 
required. 

Although the work looks easy, moulding bricks by hand 
really needs highly skilled labour, and it has with some truth 
been said that “ a good moulder is born and not made ”. Much 
may be done, however, by patient insistence and careful watch- 
ing on the part. of the owner of the works. 

Until lately, the moulds used for hand-made bricks were 
made of wood, but these have been largely superseded by brass, 
or as they are technically called “ copper ” moulds, or by those 
lined with or made of iron or steel. Wooden moulds are only 
suitable for sandy clays and it is almost essential that they be 
wetted during use (as in slop-moulding). Iron and steel lined 
moulds can be used with sand and without water, and brass 
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moulds need neither sand nor water, but are too costly and 
insufficiently durable for ordinary use. Zinc-lined moulds are 
much used for bricks of special shape. 

Brick moulds must be sufficiently rigid to preserve tlieii* 
shape perfectly in use, in spite of the force applied in filling the 
moulds, and yet they must not be so stoutly made as to be in- 
conveniently heavy. On this account wood is always used for 
the major portion of the mould, a metal lining l)eing inserted to 
facilitate the turning out of the brick. Teak and oak are tlu^ 
best woods for this purpose; others swell and shrink too much 
to be satisfactory. 

A typical mould has a lining overlapping the woodwork on 
each side, and as this wears away the moulds must l)f‘ relined or 
replaced with new ones. This mould has no bottom, the lower 
face of the brjck being formed by the table on which the mould 
is laid. 

Another mould is of tln‘. type chiefiy used in the London 
district. It has a separate bottom or “ stock-} )oard ” which is 
fastened to the table by a peg at each corner. This stock-1 )oard 
is made of wood with an iron platen, a special ccntre-i>iece (termed 
the ‘‘kik”) being used to make a frog or hollow centre-piece in 
the brick. The mould itself is a rectangular frame of iron, or 
wood faced with steel, which fits on to the stock-l)oard and rests 
on the four corner pins when in use. 

The use of four set-screws in idacci of these corn(;r pins, as 
suggested in Barton 
& Co.’s mould, fig. 

22, is a great im- 
provement. In this 
case the plate B 
and the stock -bed 
A are fast e n e d 
firmly to the table 
E by means of the 
bolt C, and the 
thickness of the 
brick can be regu- 
lated to the greatest 
nicety by altering 
the set screws A until a sufficient space exists between the to]> 
of the plate B and of the mould D. 

Box-moulds which have a fixed bottom piece attached to the 
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sides, shoifld only be used for fancy bricks. Wlien plain bricks 
are being made they are little or no better than wh^n the 
ordinary mould is used. 

Drying . — By whichever method of hand-moulding bricks are 
made, they must be dried before they can be placed in the kiln. 
The amount of water in the bricks will determine, to some 
extent, the best method for removing it, for if the bricks are 
very soft they must usually he laid out on a drying floor until 
sufficiently stiff to boar stacking. If, on the other hand, sand- 
faced bricks are made, they can usually be taken to the hacks 
and stacked immediately. 

In small yards whore.hand-mado bricks are produced, arti- 
flcial dryers are seldom worth installing, and a hack-ground will 
meet most requirements. If bricks are to be made, during the 
winter, however, a drying-shed heated by steam ,or i\ series of 
fires will bo necessary. 

The ordinary hack-gi'ound consists of a large field. The usual 
allowance is one acre of land for each million bricks produced 
in the season, as level as possible, on which the bricks are laid 
in narrow rows about 50 to 80 yds. in length, and 9 ft. to 12 ft. 
from centre to centre of each hack or row. 

The direction in which the hacks run is also important; it 
should be north to south or north-east to south-west, so that both 
sides of the hacks should receive an equal amount of sun, and 
yet neither side bo exposed to the direct rays of the sun at mid- 
day. Small trenches should be dug running in the same direc- 
tion as the hacks, and 3 in, land drain-pipes laid under the hacks 
at intervals of every ton yards to secure ample drainage. Though 
not often done, it is a wise practice to use the earth dug out of 
the trenches to form small embankments on which to place the 
bricks. This simple arrangement will prevent a considerable 
number of bricks from being spoiled by wet weather. 

In very damp situations the bricks should not be set 
direct on to the ground but on thin 
planks, or preferably on hollow pipes 
of rectangular section 12 x 4^ x 2| in. 
(fig. 23) placed side by side. These 
“ tiles ” can be made quite cheaply in 
an ordinary pipe machine. They last 
several years, and the air passing through 
them prevents the green bricks from drawing moisture from the 
^ound when such tiles are used. 



Fio. 23.— Hack tile. 
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Each row, or hack, coneiets of two' blades of bricks with a 
space of about 8 in. between each. The bricks are set on edge^ 
about 5 to 8 in. apart, the bricks in each row covering the 
spaces between those in the row below it, and the whole hack 
being about 36 in. high. In setting the bricks, each row must be 
laid along the whole length of the hack before commencing 
another, as, if set to the full height at once, the lower bricks 
would collapse. 

When hacking bricks, the men should always lay a setting 
board (a kind of pallet board but sometimes a little thicker) on 
the brick, and lift the latter between the two boards and so carry 
and place it on the hack. Handling bricks with bare hands 
invariably defaces them, and is no quicker than when pallet 
boards are used. 

To protect the bricks from rain, the hacks are covered with 
small, roof-like structures made of light boards, though in some 
cases straw is laid on tlie bricks. For many reasons straw is not 
satisfactory, and wooden cov^ers, either of the portable kind shown 
or a permanent wood roofing over the hacks, should be used. 
For a clay of unusual delicacy it may be necessary to cover the 
bricks with straw to prevent too rapid evai)oration of the moisture 
in them. Loose wooden covers, such as that in fig. 26, cost about Is. 
each. They should be made of 12 planks, 6 in. by S in., sot at such 
an angle as to measure 42 to 48 in. across the bottom of the gable. 

For protecting the sides of the hacks from too rapid drying, 
draughts, or rain, sacks, matting, or loose boards are used, the 
last named being the best if properly constructed, though matt- 
ing has the advantage of permitting a freer circulation of air. If 
boards are used they should be fastened together to form “ loos,’^ 
6 ft. long by 2 ft. 6 in. wide, with the strengtlieningribs lengthened 
to act as legs as shown in fig. 24. 

For better qualities of bricks, sheds containing racks must be 
used, or an artificial dryer installed. A good type of plain shed 
for this purpose is that shown in fig. 25. According to A. E. 
Brown, such a shed 85 ft. x 30 ft. will dry 100,000 bricks per 
season, and leave ample room for the moulder and engine, and 
a clear 20 ft. x 30 ft. space for stacking dried bricks. The roof 
is of galvanized iron, with h in. match-board lining carried on 
posts 10 ft. apart. The sides are fitted with a double row of 
shutters, or they may be built of perforated bricks. The racks 
are 15 ft. long and 2 ft. wide and about nine shelves high, with 
gangways 3 ft. wide between them. 
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In Bome parts of the country, the bricks as they lie on the 

^ floor of the drying- 
shed, or during the 
process of hacking, 
1^ tapped gently 

with a clapper, which 
^ jllj f l! ^ is a piece of wood 

X\^ ^ rather larger than a 

u 'j ^ brick with a handle 

clapping is intended 
^ y'''^ ^ to remove defects in 

I y'"'^ shape of the brick 

' y^ due to carelessness or 

I accidents in the set- 

U>^ ting down. When 

])oIislied bricks are 
Ij^ required tliey must 

„ T be obtained with a 

wedgo - shaped tool 

termed a dresser, this operatioji being carried out on a bench 
or table about 4 ft. long by 2 ft. high, covered with a plate of 
iron or steel so as to give them an even surface. This toughens 
the bricks, corrects any accidental warping, and leaves edges on 
the bricks very sharp ; but pressing has now replaced dressing 
on acount of the lower cost. 



Fici. 25 . — Drying shed. 


An end view of a hack is shown in fig. 26, which is drawn 
to scale. The height of the hack depends on the stiffness of 
the bricks. 

A different type of hack, which has been favourably received 
in Germany, is shown in fig. 27. It is more expensive to con- 
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struct than the temporary ones just described, and the wood 
has been preserved with creosote before use. As the sketch is 
drawn to scale, and the chief dimensions are shown, no further 
description is necessary, especially as in this country a dryer 
heated by steam or fuel is cheaper in the long run than is a per- 
manently erected set of hacks of the type shown. 

Skintling , — When the bricks in a hack are half dry and are 
stiff enough to be handled, they are skintled ” or sot farther 
apart and diagonally to let air pass more freely through them. 
As the skintled bricks occupy more space than those set apart 



Fig. 2t). — End view of haok. 

in the ordinary manner, the hack must be built higher so as to 
still accommodate the original number of bricks. 

Pressing . — When hand-made bricks are to be pressed, it is 
necessary to set them less than eight bricks high, and to take 
them to the press before they have become too dry. To prevent 
excessive drying of the ends, the bricks may be “ skintled 
Bricks which are to be pressed require very careful watching, 
particularly in warm weather, and an ample supply of matting 
is necessary to prevent them from becoming too hard. The 
press most suitable for hand-made bricks is one which can be 
wheeled alongside the bricks in the hacks, and must therefore 
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' be of tlie portable, hand-power type. A number of such presses 



are on the market and are very similar 
to each other. Fig. 28 shows a press of 
this type made by the Brightside Foundry 
and Engineering Co., Ltd., which, in spite 
of minor defects, can be recommended on 
account of its portability and low, cost. 

A single motion of the lever closes the 
l)Ox and presses the brick, and the reverse 
motion of the lever opens the l)Ox and 
raises the brick. The cover is thrown 
baqk, leaving the top of the mould quite 
free for the removal of the brick and the 
i nsertion of a fresh one. The bottom piston 
is fitted with a groove all rojind, in. which 
th(' makers suggest coarse wool may be 
put for carrying the lubricating medium. 
TJiis wool may be soaked with paraffin 
and a small quantity of engine oil, and 
as the mould moves up and down this 
lu))ricatos the sides. If not lubricated, 
tlie clay would stick to the sides of the 
mould, and a clean brick would not be 
turned out. If brick-press oil is used, the 
bricks are liable to scum in drying. This 
machine when operated by one man and 


v/^vv PQy press 5000 bricks per day, or 



one man working alone can press 2000 
bricks and set them back again on the 
hacks to complete the drying. The press 
will need a considerable amount of clean- 


TL AN 

Kio. 27. —German hack. 


ing when sand-faced bricks are pressed, 
and care is needed to see tliat the mould 


is kept really clean. 

Fig. 29 shows a similar press made by John Whitehead & 
Co., Ltd., in which the weight-lev(3r is adjusted so that the pres- 
sure given can be adapted to bricks of varying thickness. 

The chief disadvantages of hack-drying are its extreme slow- 
ness (three to six weeks being required), the loss through bricks 
damaged by bad weather, and the very considerable expen 
diture necessary for repairs. The wheeling to and fro from the 
hacks, skintling, attending to matting, etc., are also expensive, 
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Md It may be taken ae a general rule that from the moulds to 
the kilns bricks cost at least 36. 3d. per thousand for drying. 

‘Hand-made bricks were at one time burned exclus- 
ively in clamps, but in more recent years permanent kilns have 
been used. Clanaps are practically the only form of <‘kiln ” used 
for stock bricks in Kent, Essex, and parts of Sussex, as clamp- 
burned bricks are preferred by architects and builders using 
bricks from these* countries. 

The choice of a kiln is largely determined by the quality of 
bricks it is desired to produce and by the financial status of the 



brickmaker. If hand-made bricks are made in relatively small 
quantities it is seldom desirable to burn them in continuous 
kOns' notwithstanding the low fuel consumption of this type of 
kiln, and clamps or single up- or down-draught kilns are, there- 
fore, preferable. 

Opinions differ greatly as to the best shape for a kiln for 
hand-made bricks, but the author prefers a rectangular to a 
circular shape, as he has found it both easier to build and set. 
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For outputs of 1,000,000 and upward bricks a year a continuous 
or semi-continuous kiln may be used with advantage. 

Various types of permanent kilns— both single and continuous 

— are described in Chapter 
VIII, as they are appli- 
cable to all kinds of build- 
ing bricks. Clamp kilns 
may, however, be more 
conveniently considered 
here as they have a special 
connexion with hand- 
made goods, being con- 
sidered essential for the 
manufacture of London 
stock bricks in which fuel 
is mixed w*^ith the clay 
prt^vious to its ))eing nuule 
into bricks. Tlie great 
popularity of the clamp 
for tem])orary ])urposes is 
fully justified wliere the 
appearance of the bricks 
is of less importance' tlian 
their strength, and it is 
wise for a tinn starting a 
new yard to commence, 
with a clamp in order that 
they may tliereby o))tain 
bricks for erecting their buildings and permanent kilns. 

A clamp is formed by setthig bricks together in a special man- 
ner, so that they may he efficiently baked without tlie necessity 
of putting them in a permanent kiln. The term “ clamp ” is 
used in two senses — one moaning merely a temporary kiln and 
the other a special arrangememt of bricks which it is necessary 
to use when the clay is mixed with fuel before being shaped. 
The latter meaning is the one used in the yards where London 
stock bricks are made. The chief characteristic of this latter 
kind of clamp is that the bricks become “ fireballs ” when the 
fuel contained in them gets sufficiently hot to burn, and the 
firing once properly started, no additional fuel is required. 

Many differences in detail in the construction of clamps are 
found in the various districts where they arc employed, and as 
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great skill is required both in the setting and burning of bricks 
by this method, only men really used to the work should be em- 
ployed. The following description by the late Edward Dobson 
is typical of the best practice around London : — 

A clamp consists of a number of walls or necks three bricks 
thick, about sixty bricks long, and thirty -four to thirty -six bricks 
high, ill an inclined position on each side of an upright or double 
battering wall in the centre of the clamp, the upright being of 
the saipe length and height as the necks, but diminishing from 
six bricks thick at bottom to three bricks thick at top. The 
sides and top of the clamp are cased with burnt brick. 

The ground is first carefully drained and levelled and made 
perfectly firm and liard. The exact position of the clamp having 
])een fixed, the ground is formed with a flat invert, whose chord 
is equal to the width of the intended clam]). The object of this 
is to give a “ lift ” to each side of the clamp, which prevents the 
liricks from falling outwards as the br6‘.eze becomes consumed. 
The ground being prcq'Jared, the upright is commenced. But, 
])revious to Imilding, the clamp harrow-roads, or tramways of 
sheet iron, are laid down between the hacks and extended to the 
clamp ground, to give an easy motion to the barrows used in 
clamping; the ])ricks Ixdiig piled on each other several courses 
high on these l)arrows, and the wheeling caiTied on with con- 
siderable velocity, they are apt to upset. 

The iqiright is commenced by building two 9 in. battering 
walls, about 45 ft. apart, of _burnt bricks laid on edge which are 
termed close bolts, the length of (xich wall being equal to the 
thickness of the upright which at the bottom is six bricks thick, 
or about 4 ft. G in. (their height is sixteen courses or about 
6 ft.). Between these holts a line is stretched, by which the 
upriglit is built true. The ground between the holts is paved 
with burnt bricks laid on edge, to exclude the moisture of the 
ground. U])on this paving are laid two courses of burnt bricks 
with spaces between them, termed skintles. In the bottom 
course of skintles the bricks are laid diagonally about 2 in. apart. 
The second course consists of burnt bricks on edge, laid across 
the lower one, in lines parallel to the ends of tlie clamp and also 
2 in. apart. In laying these two courses of skintles, a live hole 
is left about 7 in. wide, the whole length of the upright ; and on 
the completion of the second course the live hole is filled up 
with faggots, and the whole surface covered over with breeze, 
which is swept or scraped into the spaces left between the bricks. 
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On this surface is placed the first course of raw bricks, laid on 
edge and quite close, beginning over the live hole. Over this 
first course of raw bricks is laid a stratum of breeze, 7 in. thick, 
.the depth being increased at the ends of the uprights to 9 or 
10 in. by inserting three or four bricks on edge among, the 
breeze. The object of this is to give an extra lift to the ends. 
The first course of bricks, it should be observed, is laid “ all 
headers Over the first layer of breeze is laid a second course 
of raw bricks on edge, “ all stretchers ”. This is covered with 
4 in. of breeze, and at each end are inserted two or three bricks 
to increase the lift still more, but this time they are laid flat not 
edgeways. Upon the 4 in. layer of breeze is laid a heading 
course of raw bricks laid* close, and on this 2 in. of breeze, with- 
out any extra lift at the end. To this succeed stretching and 
heading courses of raw bricks on edge, laid close up to the top of 
the clamp, a layer of breeze not more tlian f in. thick being placed 
on the top of each course, except on the top course which has 
6 in. of breeze. ' The top of the upright is finished by a close 
bolt of burnt bric.ks. The upright is built with an equal batter 
on each side, its widtli diminishing from six bricks lengthways 
at the base to three bricks hngthways at the top. In order that the 
upright sliould bo perfectly firm, it is necessary that the bricks 
should be well tied in at the angles; and, in order to obtain the 
proper width, tlie bricks are placed in a variety of positions, so 
that no very regular bond is preserved, as it is of more conse- 
quence to keep the })atter uniform. 

The close bolts first commenced, and which form the outer 
casing of the clamp, are not built close to the raw bricks, there 
being a small space left between the clamp and the close bolting, 
which is filled up with breeze. The close bolts, however, are 
built with a greater batter than the ends of the upright, so tliat 
they just touch the latter at the sixteenth course, above wliich 
the clamp is built without any external casing. WJien, however, 
the upright is “ topped,” and whilst the top close bolting is going 
- on, the casing is continued up to the top of the clamp. This upper 
casing is called the “bestowing,” and consists of five or six 
courses of burnt brick laid flat, forming a casing 4 } in., or half a 
brick thick ; and above the sixth course the bricks are laid on 
edge, forming a still thinner casing only 3 in. thick. When the 
weather is bad, and during the latter part of the brickmaking 
season, a little extra bestowing is given beyond what is here 
described, The great art in clamping consists in the proper 
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construction of the upright, as the stability of the clamp depends 
entirely upon it. 

The remainder of the clamp consists of a number of necks 
or walls leaning against the upright. They are built in pre- 
cisely the same way as the upright, as regards invert, close bolts, 
paving, skintlihg, breeze, and end lifts. But there is this essen- 
tial difference, viz. that they are parallel walls, built in alternate 
courses, of headers and stretchers laid on edge, each heading 
course in one neck being opposite to a stretching course in the 
next neck, and vice versa. The thickness of each neck is made 
up of three bricks lengthways in the heading coui*ses. The 
necks are closely bolted at the top, .and “bestowed” in the 
same manner as the upright. When the last necks have been 
bxiilt, the ends of the clam]) are close bolted, and “ bestowed ” 
in the same way as the sides, and this operation completes the 
clamp. 

The number of necks on each side of the upright may be 
extended to eight or nine, without an additional live hole ; but 
if this limit be exceeded, additional live holes are required. 
According to the judgment of the l>rickmaker or the demand 
for bricks, the live holes are placed seven, eight, or nine necks 
apart. It is not necessary that the additional live holes should 
pass under the centres of the necks, and it is more convenient 
to form each live hole so that the face of the last built neck 
shall form one of its sides. 

The ereciron of a good clamp is a dillicult oi)eration which 
can only be learned by ex]iericiice. 

Firing a Clamp . — The fuel used in burning the laid bricks 
consists of cinders (I)reeze, as before described) which are dis- 
tributed in layers between the courses of bricks, the strata of 
breeze being thickest at the bottom. To light the clamp, live 
holes or Hues 7 in. wide and 9 in. high are left in the centre of 
the upright at every seventh or neck. Those live holes extend 
through the whole thickness of the clam]) and are filled with 
fraggots which, being lighted from the outside, soon ignite the 
adjacent breeze. 

The fire is kept up for about a day, until the faggots ip, |he 
live hole are thoroughly ignited, and as soon as this 
be the case, the fire is removed, and the mouth hole 

stopped with bricks, and plastered over with plja^^'mortar..,,, M' 
firing a large clamp with many live holeg^^llfl^ld be at , 

one end only, the live holes being fir#Ji^^^fesBipn 6he after 
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another. The clamp lairiiB until the whole of the breeze is con- 
Rinned, which takes from three to six weeks. 

Tlic bricks at the outside of the clam]) Jire usually imderburned; 
they are called “1 turnovers,” and are laid aside for reburning in 
the n(‘xt clamj) that may ha built. Tin*, bricks near the live 
lioles are generally partially melted and run together in masses 
called “clinkers” or “burrs”. Tin* bricks which are not fully 
burned are called “place bricks” and are sold at a low price, 
being uidit for outside work or situations where they will be 
subjecttul to much pressure. The clinkers are sold by the cart- 
load for rock-work in gardens and similar purposes. 

The number of underburned bricks from tlie edges of the clamp 
(“ burnovers ”) may be greatly roduc(‘d Ity feeding a little coal 
into them during the lairningof fhe c-lamp, or to a less extent by 
])artially covering the to]) of tin* clam]) with asU‘stos sheets so 
as to throw the di'aught more to the sid(‘s. The best way is to 
])lac(^ a. row of jscrt'cnings or small hard coal along (‘ach side of 
the clam]), at the to]), forming it into a ridge about 12 to 18 in. 
high. The bricks at the outside an* set a little more openly 
than usual, and a. row of skintled bricks lorms the outer row. 
When the bricks n(\Mrer the centre of the kiln are well under 
tire, th(< burner goes on to the to]) of the kiln, and with a broad- 
ended pok(W ])ushes the bricks und(T the coal ridge aside and 
allows a little coal to fall among tlumi. This o])eration is repeated 
(wery forty or sixty minutes, aura being taken not to drop suf- 
licient coal down to choke u]) the Hues and Jiot to add a fresh 
portion until the pr(‘vious one is ni'arly all burned away. This 
method may also be used with great success in continuous kilns 
of the archless type. 

The qufintity of ))ree/e required varies much with the quantity 
of earth. The usual proportions for every 100, 000 l)ricks a]‘(* 
about 12 tons of the sifted ashes, mix(‘d with th(‘ ladck earth, and 
a])Out 4 tons of tin* cinders, or br(‘e.ze, to light the clam]). 

The quantity of fuel to the liva* holes it is difficult to calculate ; 
about 2s. may Ix^ taken as the average cost of coals and wood 
for every 100,000 bricks. If the proportion of breeze be too small, 
the bricks will be underburned, and will be tender and of a pale 
too much fuel be used, there* is a danger of the bricks 
fusing '|§ft^3|ii^ing into a blackish slag. 

Anotlier of clamping is to })egin at one end and to 

follottt with the in one direction only. This is done when 
the clamp occupied by the hacks, so as to render 
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it imposBi))le to commence at tlie centre. When this Byntem is 
adopted, the clamping Ijegins with th(^ erection of an end wall, 
termed the upriglit and outside, which is made to ])atter very 
considerably on the outside, but of whicli the inside face is 
vertical. As regards dimensions and modes of laiilding, the out- 
side and upright are built in the same way as the ordinary upright, 
but it has, of course, no live hole under it, the first live hole be- 
ing provided in the centre of the second or third neck, fn this 
style of clamping the rnnhs arc^ all upright. The liv(‘ Jioles are 
l-daced at every eighth or nii\tb neck, as in the usual system. 

The j)ractice witJi regard to the paving of burned bricks is very 
variable. Some (dami>ers omit it altogctluT, others ])av(‘ only 
when clamping for the first tinn^ on a new ground. Wlien burned 
bricks run short, as in luiilding the first clamp oti a new gi'ound, 
the second course is laid with raw la-icks. This is, liowevtT, a 
very objoctioilahle ])ractice. 

The live holes av(*. sometimes close l>oltcd at the sides to pre- 
vent the breezes from t]i(‘ skintles falling into them. This is not 
often done, and its utility is (juestionable. 

Home clampers ]>ut tln^ 7 in. stratum of breezt^ on tlu* top of 
the skintles instead of placing it over the first course of raw 
bricks ; very fre(]uently the breeze* is dis])e-nsed with after the 2 
in. stratum, with the exception of tlu' to]) layer. All clam])ers, 
however, agree as to the iiecessity of having the 7 in., 4 in., Jind 
2 in. layers. Where breeze (cinders or coke) cannot be obtained, 
small coal or anthracite (c\dm) may be cm])loyed, and in Ire- 
land ])eat or turf is used, though with inditrerent success. 
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PLASTIC MOULDING BY MACHINERY. 


In order to overcome the difficulty of obtaining skilled moulders 
— a difficulty which has greatly increased within the last fifteen 
years — various machines nave been placed on the market which, 
it i^ claimed, do away with the skill ordinarily required in mould- 
ing by hand. These machines must not ])0 confused with others 
in which no resemblance to hand-moulding is attempted, though 
this latter class of machine has increased enormously in popu- 
larity ill recent years on account of the large outputs possible. 

Machines which seek to replace the skilled labour of the 
moulder are usually designed so as to force the clay into box 
moulds, similar to those used in hand work, from a box or tank, 
by means of either a pug-mill or special knives. Their great 
drawback has been the ineftective filling of^ the moulds and the 
inclusion of air within the bricks, but in the machines described 
below, these difficulties have been sufficiently overcome to make 
the manufacture of bricks by them satisfactory and far simpler 
from the managerial point of view, at any rate as far as certain 
mild clays are concerned. 

In many districts the wire-cut process of ])rickniaking is dis- 
placing the soft mud machines, though where a facing of sand on 
the bricks is demanded, the latter machines, or hand labour, 


must be used. 

It is essential that all machines used for making sand-faced 
bricks must be provided with some safety release which comes 
,^into operation when stones or other causes of excessive pressure 
Otherwise the machine will bo damaged, and however 
machine may appear to be in other respects, the 
form of effective relief escapement should be 
dent to condemn it. 

ad, and it is necessary to decide in which 
^e regard' must be paid to the probable 
I goods required. Where sand- 
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faced bricks are in great demand it will probably be necessary to 
use a machine of the “ Monarch ” or ‘*^B^den ” type, in which 
the production of hand-made and sand-faced bricks is skilfully 
imitated. Where a dryer can be employed, and the sand-facing 
of bricks is not considered necessary, a wire-cutting table attached 
to a pug-mill press will be cheaper for a moderately large out- 
put, especially as bricks with a wonderful accuracy of form and 
size can be obtained ]>y means of a re-press. Hand-made bricks 
can also be re-pressed if desired, though in this case a portable 
press is invariably used. The disadvantage of pressing sand-faced 
bricks is tliat a large amount of cleaning of the press is necessary, 
but a strong lad sliould be able to press, unaided, and re-placo 
on the hack for hnal drying, at least 1250 bricks per day and 
1500 should be considered a reasonable outjnit. It is better in 
pressing sand-faced bricks to work in this way instead of wheel- 
ing the bricks to a ])ermanent press and back again to be dried. 

Fig. ilO is an illustration of the “ Monarch ” sand-faced brick- 
making machine made by Maxtc'd & Knott, Ltd. The clay used 
in this macliirn^ may be freshly dug, weathen‘d, or waslied and 
dug out of the wash-back, according to the circumstances and 
to the impurities (if any) in the clay. Tln^ machine will allow 
the clay to be in a. very soft state, softer even than can be used 
ill a hand mould, or it will also work with fairly stiff clay; but 
if too stiff the material is liable to stick in the mouhis and so 
cause troubh', or it may break the knives. Band, similar in 
every way to that employed inhand-brickmaking, is used for the 
moulds filled by the machine. 

The upper part of the machine consists of a double pug-mill, 
from which tlie clay is passed down to the presses and delivered 
to the moulds immediately beneath it. The action of the presses 
is somewhat similar to that of ’the man’s fingers and thumbs in 
hand-moulding and is reciprocating, not rotary. A lad takes the 
moulds out of a sanding-tank, places them at the back of the 
machine, and after the clay has been mechanically pressed into 
the moulds in the front of the machine, the mechanism at the 
back brings another set into position under the die. A man 
standing in front of the machine takes the mould and scrapes off 
the surplus material with a “ strike ” (p. 53) and handg:|t. to an- 
other man, who inverts the mould on to the and lifts^ 

it from the bricks which are thus dei)osited(^i^^ pallet 
which have been previously placed upon tlSjmtff-tabl^ hy'al^^ 
The man then turns round, puts. «fand^, and 
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gives tlic turii-ta])le a push, placing a vacant leaf of the turn- 
table l)cfore him, and placing the loade.d leaf opposite another 
man wlio tfikes off tlie bricks and puts them on to an off-bearing 



barrow or a dryor car as the case*, may he, five or six bricks being 
made at a time. The whole operation is very simple and requires 
no skilled labour. 
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The amount of pressure exerted on the clay in the moulds 
can be instantly regulated by moving a small lever in the front 
of the machine. This lover engages one of several teetli on the 
cam of the front shaft, carrying the clay presses or “wipers,” 
and therefore determining to what extent the clay in the mould 



Fio. 31. — Nori'iy biick mH(5hine, 


shall 1)0 press('d. This capability of regulation is essential in 
order to prevent diflieiilties due to variations in tlio stiffness of 
the clay. When stones and otluT Inird materials are- present, 
they pass out through saf(*ty doors controllt‘d by Bi)rings at the 
front of the machine. 

The Norris patent mechanical brick-moulder (fig. ."11) (made 
by the Brightside Foundry and Engineering Co., Ltd.) is similar 
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in many respects to the foregoing, but is of an older type, though 
a great improvement on many of so-called “ soft mud ” machines 
which have been used more in America than here. The clay is 
mixed in a pug-mill in the upper part of the machine and forced 
below a plunger. The latter then descends, filling a mould at 
a stroke and compressing the clay. On the plunger rising, the 
mould is pushed to the front of the machine, struck, bumped (to 
loosen the bricks), and their contents turned out on to pallet 
boards. Each mould makes three bricks at a time, the patentee 
claiming that this is better, with his machine, than producing a 
larger number simultaneously. Ample time is allowed for the 
operation of cleaning, sanding, and replacing the moulds, and 
effectual means are adopted for preventing the clay displacing 
the sand as the former enters the mould. The Norris machine 
requires about .‘1 h.p. to drive it, and can make 8000 bricks per 
day under normal conditions. 

The “ Norris ” machine ap])ears to be suitable for making 
fire-bricks, and can be worked by horse power or by an engine. 

Ip this respc'ct it resembles a larger and more powerful 
machine (fig. 32) with an oiitjnit of 20,000 bricks per day, made by 
T, C. Fawcett, Ltd. The feature of this last named machine is 
its open construction and largo size, wliereLy repairs and break- 
downs arc rediKJod to a minimum. It is best worked in con- 
nexion with a pair of granulating rolls (which separate small 
stones) and an automatic sand-moulder, smdi as the one shown in 
fig. 33, supplied by the same firm. The addition of a simple belt- 
conveyer (fig. 34) is often necessary in order to get the clay easily 
into the machine. 

The use of a disintegrator in conjunction with a machine of 
this kind enables many clays which would bo regarded as useless 
for hand-brickmaking to bo satisfactorily worked in a soft-mould 
machine of the various types described. Even wlien it is not 
absolutely necessary a disintegrator is often used, as it absorbs 
less power in breaking up the clots than would be needed if they 
were allowed to enter the pug-mill of the machine. 

Another moulding macliine for sand-faced bricks, suitable for 
small yards and for places where skilled moulders are difficult to 
get, is Eddington’s Moulding machine (fig. 35), made by James 
Buchanan & Son. Like the machine just described, it forces a 
column of clay into two sanded moulds, each of which is filled 
alternately. The clay is cut off by a wire drawn across the 
mould, which is then moved forward. The surface of the brick 
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is smoothed with a strike, the mould opened, and the brick 
placed on the pallet ready to go to the dryer or hack. The 
special feature of the Eddington machine is the mould, which is 
specially designed to overcome the difficulty usually experienced 



in emptying box moulds. On this account, the sides of the 
mould are made in two pieces connected in such a manner that, 
on moving two small arms or triggers, the mould expands and 
leaves a clear space all round the brick (fig. 36). 


Fra, 32, — Anglo-American brick machine. 
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Firt. 36. — Eddinjjton brick mould. 
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This machine produces a good square brick, free from sand 
folds, though not of quite so good a colour as a hand-made sand- 
faced brick. It is made in two sizes, the No. 2 machine having 
an output (according to the makers) of 3000 to 4000 bricks per day. 

WIRE-CUT BRICKS. 

An entirely different method of manufacturing bricks is that 
in which the wire-cut system is employed, the clay being thrust 
out of a pug-mill in the form of a belt or band of (day, 9 ins. wide 
by 4-Jin. high, which is cut into bricks by means of wires or 
rotating knives. Bricks made by this process are equal in shape 
to tliose made by hand, and the rajndity and ease with which 
they can bo produced by unskilled workmen, is such as to make 
this method exceedingly popular. It is particularly suitable for 
clays worked up into a jdastic paste of iuolI crate stilfness, but 
can, on occasion, be used in connexion with what is ordinarily 
known as the “ stiff-plasth* process ”. It is especially intended 
for earths which do not re(iuire washing or other preliminary 
treatment in ord('.r to purify them. 

The underlying princi])le involved in making wire-cut bricks 
is the conversion of the (day into a paste and passing it through 
a pug-mill, or closed mixer, to the discharge end of which a die 
is fitted. The successful manufacture of w]r(‘-cut bricks depends 
upon the durability and accuracy in shape and size of the die, 
the ease with which the clay passes througli it, and the extent 
to which consolidation is produced without lamination. Whilst 
apparently simj)lti, tlie wire-cut method of brickmaking offers 
many difficulties to tlie inexperienced lirickmakcu*, and it is 
therefore described fully in the following pages. 

Almost any clay which can be made into a ])lastic paste of 
sufficient .stiffness can be made into wire-cut bricks, providing 
that it is sufficiently fimdy ground. The custom of permitting 
pieces of stone and other hard material of more than one-six- 
teenth inch diameter to get into the machine used for this pur- 
pose is unsatisfactory, as the wires are unable to cut this material, 
and the cut faces of the bricks are thereby rendered unsightly. 

There is a great temptation for brickmakers to employ rolls 
to crush everything taken from the clay -bed without regard to 
its nature, but this practice is detrimental to the production of 
good bricks; so that whilst rolls are invaluable for enabling 
materials to be used which cannot, otherwise, be employed in 
brickmaking, they do not by any moans abolish the necessity 
for care in the selection of materials. 
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Opinions differ greatly as to how far grinding is necessary, 
but the author is convinced, as the result of extensive observa- 
tion and wide experience, that clay for making wire-cut bricks 
should always be sufficiently fine to pass through a sieve having 
twelve to twenty holes per running inch. Coarser ground ma- 
terials are never, in his experience, really satisfactory. The clay, 



which should preferably have been weathered (page 22), may be 
treated in a variety of ways according to its nature and the impuri- 
ties in it, and nothing less than a good knowledge of the material 
itself will enable a man to state the exact treatment necessary. 

The following are the most important arrangements of plants for 
the manufacture of bricks by the wire-cut process for plastic clay 
(a) A Pug-mill with Mouthpiece or Die, and Cutting Table (figs. 37, 


Fig. 37, — ^Vertical brick machine. Type a. 
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liH). This is very suitable for clean clays which are not too strong 
or sticky, and is specially good for loams of good quality. It is the 
final portion of all tlie j)lant used for wire-cut brickmaking, and 
simj>ly effecjts a mixture of the clay and water so as to form a 



Fid. :{8. — Horizontal brick machine. Type n. 

homogeneous, ])aste, and shapes this by forcing it through the 
mouthj)i('co on to the table where it is cut into bricks. It can, 
if pvo])erly arraiigod, l)e enlarged by the addition of rolls and 
mixers. 

(b) Pug-mill, Expremon Bolls and Cutting Table (fig. 89). This 



Fig. 39.— Brick machine. Type 6. 


arrangement is specially used for clays which tend to produce a 
core or lamination when the die is attached direct to the pug- 
mill. 

It is only suitable for clay free from hard and stony matter, 
and is most adapted for use with strong plastic clays. Either a 
horizontal or vertical pug-mill may be used. 
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(c) Crushing Rolls^ Pug-mill, Die, and Cutting Table (fig. 40). 
This arranpment is used where the brick oartli is strong (plastic) 
and contains hard lumps of clay or stones. It is suitable for 





Pm 



materials which cannot be made into bricks by simple pugging, 
on account of the hard portions just mentioned, as these would 
catch the wires of the cutter and would produce an unsightly 




This DlJr!*? 1 (^^ttirtg Table (fig. 41) 
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to be treated. Usually the upper pair of rolls is provided with 
grooves — see figs, 46, 53 and 54--which prevents the clay from 
adhering and so being carried round the rolls (see “ Kibbler Rolls ”). 



The second rolls are smooth and set much closer together than the 
first ones. 15 to 30 h.p. is needed for a daily output of 20,000 bricks, 
(e) Three sets of EollSt Pug-mill, Die, and CtiUing Table (fig. 42). 
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This plant Ib used where hard stones or lumps of hard clay are 
present in such (piantities that a smaller number of rolls is in- 
Buflicient to crush them. The first (uppermost) pair of rolls is 
usually grooved or spiked, the second pair being set J to | 



in. apart and the third pair as close as possible. About 30 h.p. 
is required to drive this plant effectively. 


(f) A Feeder or Mixer, two or three sets of Bolls, Pug-mill, Die, and 
Cutting Table (fig. 43). This is similar to arrangements (c) and 
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{d) but is preferable where several clays arc mixed together, or 
where the clay is of a very varied character. The feeder, or 
mixer, effects a preliminary mixture of the material and, by 
supplying it in a regular quantity to the rolls, makes it easier to 
keep the machine working under the best conditions. The 
power required to drive this machine is about 50 h.p. 

(g) Grinding Mill^ Bolls, Pug-mill, Die, and Cutting Table (fig. 44). 
In place of a mixer as in (e) it is sometimes better to use a 
grinding pan, particularly if the earth contains mucli material 
of a rocky or gravelly nature. The employment of a grinding 
mill in connexion with the plant is also advantageous when the 
eartli is somewliat deficient in plasticity, and would otherwise 
require much tempering. In this arrangement the clay is de- 
livered as regularly as possible into the mill where it is mixed 



with the necessary quantity of water. After being ground and 
mixed by the action of the mill runners, it passes through a 
grid in the bottom of the pan to the rolls and thence to the pug, 
die, and table. Such a plant will require 60 h.p. to yield an out- 
put of 20,000 bricks per day. 

{h) Feeder, Grinding Mill, Bolls, Pug-mill, Die, and Gutting Table. 
(fig. 45). This is the same arrangement as (f), but fitted with a 
preliminary mixer or feeder. This addition greatly improves 
the quality of the bricks when several clays are mixed, or when 
a complex earth is used. Such a plant will often work satis- 
factorily witli unwashed London clay when others have failed, 
and it is specially adapted for use with very strong and sticky 
clays. The power required to drive varies with tlie clay or earth 
used, but is about 55 h.p. for a daily output of 20,000 bricks of 
strong clay ; with milder earths it is less, as one i)air of rolls may 
be omitted. 
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(t) Bolls^ Mixer ^ Two more sets of BollSy Pug-mill^ Die^ and Cutting 
Table (fig. 46). This arrangement of plant is suitable for some 
strong clays, marls, or shales, wliere repeated crushing and mixing 
is needed, or where the use of a grinding pan is impracticable on 
account of the excessive hardness of the material and the im- 
purities it contains. 

When two sets of rolls are set before the mixer, or when the 
material is passed through two sets of rolls before entering the pug- 
mill, the usual arrangement for Staffordshire is obtained (fig. 47). 
This gives the material an exceedingly thorough treatment, 
and owing to the amount of power required should only be used 
when absolutely necessary. 



Fift. 45.— Brick plant. Type h. 


When the full set of plant just mentione^d is used, tlu^ hardest 
materials can be fully ground and tempered. Somewliat softer 
earth can be more conveniently treated by the plant referred to 
in (/), (g), or (t). 

(j) Feeder, Grinding Mill, Bolls, Mixer, Bolls, Png-mill, Die, and 
Cutting Table (fig. 48). This forms a suitable plant for hard 
materials which require much tempering, but for which it is not 
necessary to use the arrangement (h), though that described 
under (/) is not sufficiently strong in tempering or mixing power. 

{k) Grinding Pan Mixer, Pug-mill, Die, and Cutting Table. This 
is a simplified arrangement of (i) and can be used for materials 
of considerable, but not excessive, hardness. It is capable of 
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developing the plasticity of lean materials to a remarkable extent 
and is specially recommended for fire-clay and shale, these 
materials being screened before they enter the mixer. 



Selection of Plant . — The selection of the plant to be used for 
a given material must depend largely on the nature of the latter, 
and particularly on its hardness and plasticity. It is wise to so 
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arrange the plant that additional rolls or mixers can be easily 
applied, if necessary, but these should not be purchased until 
they have been found to be really necessary. Many brickmakers 
use too much machinery for their work, and a study of the 
requirements of certain earths often enables a brickmaker to 
effect a considerable saving in the amount of driving power 
required. WJuitever arrangement of plant is used it is essential 
that it shall he strong, well made, and of good design and ma- 
terials. In this connexion the following information about the 



Fks. 47. — Plant (Type i) for Staffordshire “marls”. 


various ])ortioii8 of machinery required in the foregoing arrange- 
ments of plant may be useful. 

Crushing Rolls (hg. 49) are employed for reducing clays wliich 
are too moist or plastic to be ground by other means. Dry or 
hard clays are preferably treated in an edge-runner mill, 
particularly if a stone breaker is used as a preliminary crusher. 
These rolls consist of a pair of strong cylinders, or rollers, usually 
smooth and placed side by side, so that when the clay is fed on 
to them the rotation of the rolls forces the clay downwards and 
reduces it to a size comparable to the distance between them. 
They are driven by a simple gearing through a belt or clutch. 

Both rolls in a pair may be driven at the same speed or one 
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larger than a man’s 
head occasionally 
have to be dealt with, 
but it is safer to break 
these by hand. It is, 
therefore, necessary 
to have the roller 
machinery built very 
rigidly with no 
skimping of metal for 
the sake of cheapness. 
The strong thrusts of 
the machine must be 
properly taken up by 
suitable ties, springs, 
and bearings, and 
each part must be 
readily accessible for 
repairs and renewals. 

Rolls vary con- 
sideraldy in size, 
being from 18 in. to 
24 in. in diameter 
and 2 ft. to H ft. long 
and ar(‘- made of 
specially hardened 
iron, soft iron cores 
cast in iron chills, or 
of iron cores with 
steel rims. A par- 
ticularly ingenious 
method is that em- 
ployed b y Job n 
Whitehead & Co., Ltd. 
This construction en- 
ables a shell of any 
desired hardness to 
be used, and this is 
fixed truly in position 
on the shaft by means 
of the two cast iron 


ends with bevelled edges. These ends are drawn together (after 
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the shell has been placed over them) by means of two iron bolts. 
A boss on the inside of the shell locks into a projection on the 
left end and prevents the shell turning independently of the 
shaft. 

Instead of the rolls being true cylinders and of the same 
diameter throughout they may be conical in shape. This enables 
them to automatically throw out a portion of the stones in the 
clay which, with cylindrical rolls, would be ground up. Only 
large stones can be separated in this manner. It is often con- 
venient to make rolls in three or more portions, so that as one of 
these wears away only a portion of the roll needs renewal, and 



Fig, 50. — Rolls with interchangeable Bections. 

])y interchanging tlie centre and other rolls the need for new ones 
may be indefinitely delayed.' 

Rolls of this type are a feature of the “ Lancashire ” machine 
made by Sutcliffe, Speakman & Co., Ltd. (fig. 50). In this, the 
sections are all made interchangeable, so that as tin; centre 
sections wear they can 1)6 jdaceil at the outer ends of the rollers 
and the end sections placed in the centre. Rrickmakers who 
have any stony materials to deal with much appreciate this 
arrangement, as on the old system the rollers always wear away 
in the centre and do not permit of them being closed up unless 
the rollers are taken out and turned up in the lathe. The 
sections should l)e rearranged frequently, even if little wear is 
shown, so that the rollers will wear parallel. To enalde this to 


90 


MOBEBN BRICKMAKING 


be readily done all the gearing is so placed that one frame only 
requires un))olting, when it can be drawn away, as shown, to 
permit of the sections being placed as desired. 

The rollers, in this machine are made large in diameter and 
narrower than is the usual practice, and as tlu;y run at a high 
speed the clay is very well ground. One roller is made to go at 
a greater speed than its fellow, this giving a differential shredding 
action. 

All rolls sliould be provkU*d with a relief escape, or a safety 
slipping clutch to prevent the risk of hre.akage should a piece of 
ironstone or other hard metal get into the machine by accident, 
or should the resistance to crushing be, so gi’eat as to endanger the 
machine. Instead of tivo sets of rolls arranged one below the 
other, sonn^ firms employ three* rolls so placed that the clay 
receives two distinct crushings. Machines of this type are shown 
in figs, fil and 52. 

A hopper is often desiralde to secure the material Ixdng fed 
into the inachim' juopt'rly ; end plate's will s(Tve to pre,vent its 
escaping. Scra])ers are sonu'times nece'ssary when sticky clays 
are leeing crushed. 

Lubrication is of great im]>ortanc,(‘, and if neglect t*d will cause 
a great waste of driving power. 

For good work it is essential that tlu* rolls should run truly, 
with no variation in the space b(*,tw<‘cn them, and some sinqile 
method of adjustment should )»o i>rovided to enal)h* them to })e 
set closer together when slightly worn. 

The distance of the rolls from each other in each jiair is 
important. If only one ])air of rolls is used they cannot well be 
sot closc'r than half an inch, but if two or more jiairs are em- 
ployed the first should bo moderat(*ly wide ajiart — uj) to 2 in. — 
the second should be closer, and the final pair should be set as 
closely a& possible. Some brickmakirs work with all tht*- rolls 
too wide apart; this is foolish, as it permits stones to be mixed 
with the clay and to be made into bricks, and it is then imi)ossible 
to make goods of best quality. To obtain satisfactory results, 
the clay should come from the crushing rolls in the form of a 
thin sheet, like coarse brown paper. It is almost impossible for 
a single pair of rolls to produce this. 

The rolls should be made of chilled iron or steel, or covered 
with a steel hoop truly turned with a lathe, but for the coarser 
rolls this accuracy is unnecessary, as they are not intended to 
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Fig. 51. — Triple-roll crusher. 
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crush the clay so thoroughly. Steel-rimmed rolls are always 
more desirable than those of chilled iron. 

Close -set rolls must be kept true in shape, and when they 
are used it is necessary to have an extra pair of rolls which may 
be used whilst the worn ones are being turned true. Rolls which 
are supposed to be run close, but which have a wider opening in 
the centre than at the edges, are useless for good work. It is 
deBU'al:)le that rolls wdiich are intended to work close together 



Fig. 52. — Buchanan’s triple-roll crusher. 

should be provided with renewable rims so that these may be 
replaced when necessary. More difficulties in working certain 
clays arise from worn rolls than from any other single cause ; 
the rolls should therefore be frequently examined. 

Crushing rolls are usually smooth but, for preliminary crush- 
ing, rollers with projections, bars, teeth, flutes, grooves, corruga- 
tions and other uneven faces are employed. Sticky clays require 
these irregular surfaces, as smooth rollers do not possess enough 
adhesive power to crush the material. The nature of the pro- 
jection is largely a matter of individual taste, though the 
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greater the projection the greater the" power of the rolls. Hence 
teeth and bars are better than grooves for sticky clays, but 
corrugated or grooved rolls are best for stony clays. 



Fio. 53.— Toothed cruehing rolls (Whittaker). 


Many designs of projections and grooves are in use, some of 
them being comparatively valueless. Amongst the best are 
hedgehog (toothed) rolls (fig. 53) kibbling rolls, (fig. 54) and 
corrugated rolls. 



Fio. 54. — Kibbling rolls. 


The projections on one roller engage with those on another, 
and the combined action of the two on the clay is much more 
powerful than when smooth rolls are used. The material is 
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cauglit betwt^eii the projections, and being unable to escape is 
crushed sufficiently to enable a succeeding pair of smooth rolls 
to deal with it effectively. 

Broad spiral corrugations running right and left hand re- 
spectively, throughout the entire length of the rolls, often increase 
the rapidity with which a sticky material may be crushed, and 
the larger portions are conveye.d to one end of the rolls and drop 
into a special receiver. According to their nature these portions 
may be discarded, as stones, or may be reduced by hand or other 
means. Tlie \ise of corrugated rolls is, in fact, one of the simplest 
methods of separating stones from clay. The corrugations should 
be so arranged that the projections in one roll should fit into the 
depressions of the otluV, so that wear may be compensated and 
the rolls ke])t set close together. 

For stony (^lays of a sticky and tough nature) the rolls should 
he both coiTugatcd and conical ; this is far superior to the use of 
smooth conical rolls, as the corrugations convey the material to 
the large ends of the cones where the clay is crushed in conse- 
quence of the, greater peripheral speed. High speed rolls with 
projections are popular in America, and are very efficient for 
clays which are not too hard. The rolls should be made in 
sections for easy renewal, as the wear on them is much greater 
than in a slower machine. This is fully balanced by the in- 
creased oiitj)ut and the condition of the product. The projections 
or lugs should not go the whole length of the roll, but should 
have intervals between each. By rearranging the worn sections 
on the same roll tl\e wear is more evenly distributed. 

The use of crushing rolls is simple enough, provided that the 
works possess the means of having- them trued and properly set ; 
otherwise they may cause much trouble through their not crush- 
ing the clay sufliciently, and in such cases it may hapj)en that 
an edge-runner Jiiill will give better results. Tliis is not always 
the fault of the rolls, but often of the clay or the man in charge. 
It is of the greatest importance in making wire-cut bricks that 
the material should be finely ground iind entirely free from lumps. 
The size of the particles should not, on the other hand, be exces- 
sively small. 

Grinding Mills or Edge-Bunners are of two main classes : (1) 
Those used for crushing dry materials to a powder and known 
as “ grinding mills,” and (2) those employed for crushing moist or 
wet materials, and at the same time mixing them so as to obtain 
a more uniform composition, and known as “wet pans ” or (less 
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correctly) “ pun inille Both classes of mill are used in the 
manufacture of wire-cut bricks made by the plastic process, but 
for convenience mills for grinding dry material are described 
in Chapter V in the section on ‘^stiff-plastic process”. Their 
sole purpose is to reduce the material to a fine powder, and in 
certain cases, which are difficult to classify, they work more 
economically than do crushing rolls, as the full weight of the 
roller or runner is available for crushing. Broadly speaking, a 
hard material, fairly free from sticky matter, is most econom- 
ically ground with an edge-runner mill, but if much moist plastic 
clay is present it is usually bettor, and often essential, to use 
crushing rolls and a wet pan. 

Wet Pans are chiefly used to secure an equal distribution 
■of the moisture tliroughout the clay mass and to secure the 
latter being of the same composition throughout. For this 
purpose it is passed many times underneath the rollers before it 
leaves the machine, whereby any lumps are simultaneously re- 
duced to powder. 

In many cases the material is fed into the pan of the mill, a 
suitable quantity of water added, and the pan kept in motion 
from fifteen to twenty minutes. The speed is then reduced, and 
the material removed by means of a special shovel working in 
a rowlock. 

Continuous wet-pans ar(‘. well known, but are considered to 
yield a less satisfactory product. They have a bed, or pan, 
perforated near the centre, and the material is forced to travel 
several times under the runners before it can escape through the 
holes. The most important features of a wet-pan are the 
weight and size of the runners, the construction and speed of 
the pan, and the transmission arrangement for driving the 
machine. It is essential that the runners should be heavy ; those 
supplied by many firms are much too light to do their work 
effectively. For a 9 ft. pan the runners should seldom weigh 
less than 40 cwt. each, and for some clays they should weigh 
about 4 tons if a satisfactory product is recpiired in a reason- 
ably short time. 

The construction of wet-pans in this country is quite 
different from that considered best in some others, and several 
British makers of machinery recommend the stationary wet-pan 
for certain clays, in spite of very conclusive evidence of its 
inferiority to the rotary one for this purpose. 

A typical stationary pan is shown in (fig. 55). It consists 
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of two heavy runners and two 
shaft and driven by moans of 


scrapers mounted on a single 
an overhead crown wheel and 




Fig. 55.— Wet grinding pan (Bradley-Craven). 
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The mixing power of such a mill is relatively small, its chief 
use being to reduce the material to a form in which it can be 
more readily dealt with by succeeding plant than if the clay 
were fed direct to the latter. Its efficiency depends largely upon 
the smallness of the grid and, therefore, the extent to which the 
material is treated before reaching it. 

For some materials such a pan may be improved by inserting 
a solid bottom and removing the material (after the mill has 
been stopped) either by means of a spade or l)y opening a sliding 
door in the )>ottom of the mill. 

Sutcliffe, Speakman & Co., Ltd. have designed a special mill 
for material which is free from large .lumps, Init requires an 
unusual amount of mixing. The material is fed into an attach- 
ment on the side frame just below the crown wheel. From this 
it passes to a small pan, fixed to the upright shaft, which 
ensures the nnitcrial passing under the rollers where it is kneaded 
and rubbed together, thus giving a very intimate mixing. The 
material in the stationary pan on which the runners revolve is 
turned over by multiple scrai)ers wliich gradually push it to the 
discharge oi>ening 

According to the nature of the material s\i])plied this will 
mix two to five tons per hour using 8 h.p. for driving. 

A w(d.-pan of more modern design is shown in fig. 56. The 
pan (9 ft. diameter) is mounted on an u])right shaft working in a 
footstej) bearing, and kept in position by a l^ridge- bearing above. 
It is not perforated, has no gidd, and is drivcm by means of an 
ordinary crown wheel and pinion and belt, these being placed 
above (fig. 56) or below (figs. 57 and 124) according as it is 
more convenient to have the pan over-driven or under-driven. 
The bottom and sides of the pan are renewable. 

Tlie runners for a pan of this size are 4 ft. 8 in. in diameter 
with 15 in. width of face and weight 48 cwt. each ; they are 
preferably made with fiusli sides so as not to carry up any 
ground material, and may be fitted with renewable rims. The 
ends of the sliaft connecting the rujiners to the centre block 
work in guides which permit the runners to rise and fall with 
varying thicknesses of materials on the pan but prevent them 
rotating above the vertical shaft. If two shafts are used — one 
for each runner — they can rise or fall independently of each 
other, there! )y saving power and keeping the machine in better 
balance. Tiie runners revolve by the action of the material on 
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the \mn and are not driven directly. They should not touch 
the pan wlnui it is empty hut should he just clear. 

The scrapers should he attached to cross stays bolted on to 
th(5 framework of the macdiine, and must he so fastened that 
they can ])e turned to any desired an^^le and adjusted to any 
height al)ove tlie pan. 



Fkj. 5G.— Whittjikev’s revolving wet pan. 


AVlu'ii sticky clay is ))eing gi’ound it is useful to Inive scrapers 
attached so as to kot‘p the runners fairly clean (fig. 58), as no 
purpose is served by runners thickly coated with clay. These 
“ (deaners ” should not actually touch the rims of the runners, 
or too nuudi iron may get into the clay. 

The footstep is an iiniortant factor in successful grinding, 
ft should be readily accessible, easily lubricated, and of such 
construction that the b(*aring metal can be easily renewed 
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when worn. It should be cased to keep out dust, but should 
be examined frequently, as a worn footstep causes much loss of 
power and may easily damage the pan. Anti-friction rollers 
should be placed underneath very large revolving pans in order 
to support them. The pan should bo light but strong, and pro- 
vided with a loose bearing ring, or false bottom, preferably of 
manganese steel. There are advantages in having this bottom 
ribbed for soft clays, but with very hard ones it is undesirable. 
A mechanical shovel is used for removing the material except 
in self-delivery mills. 

A measured quantity of the material to be treated is placed 
in the pan, a definite volume of water added through a sprinkler, 
and the pan set in motion at a speed of sixteen to forty revolu- 
tions per minute according to the nature of the clay. After 
fifteen or twenty minutes the speed is reduced and the mechani- 
cal shovel used to withdraw the material, after which a fresh 
batch is treated. Unless the clay and water are both measured, 
the paste will vary in stifthess and plasticity. To avoid loss of 
time, it is wisv. to have two mills and to run them consecutively. 
By the insertion of a slottcul grid in the roller i)ath the 
material may he deliverc^d to a receiving plate, whence a fixed 
scraper removi^.s it continuously to the next stage of manufacture. 

Runners with a conical instead of a flat face (fig. 59)^ may 
be used for wet grinding. It is understood that they have a 
somewhat larg{‘r output, hut this has not, so far as the author is 
aware, been definitely juoved. 

For clays containing a large proportion of small stones, es- 
pecially if the latter arc of a limey character, J. Buchanan & Son, 
Ltd., recommend the use of a wet grinding pan of the stationary 
type. In this i)an (fig. 00) the runner i)ath consists of six or 
more manganese steel grids, the space between each being fitted 
with steel plates — eitlier smooth or corrugated — the mesh of the 
gi’ids being adjusted to the requirements of each clay. 

The runners ar(5 made of hard cast iron and run upon hard 
cast iron renewable bushes; they are carried upon a square 
steel shaft provided with slide blocks to rise and fall in the slotted 
cross-head of the vertical shaft. 

Steel scrapers are attached to the cross-heads, and revolve 
with it, for throwing the material from the outside and centre 
of the pan on to the runner path. The mill is driven with strong 
bevel gearing by a steel driving shaft working in gun-metal 
bearings, and fast and loose pulleys. 
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AV'Ikm’g strong plastic clays coiitaiiiiiij? large’ quantities of lime 
and otlu’T stones (as ])Oiilder clays) are to be found, the use of a 
stationary wet-pan of this type as a preliminary grinder and 
mixer is d(‘sira]>le, as revolving pans are too lightly constructed 
for this (dass of work. Tlu’ material should afterwards be passed 



Fid. 61. — Continuous self-delivery wet mill. 


through two si’ts of rollers before entering the pug-mill. The 
grids require frequent insix’dion, and should be made of man- 
ganese steel as this Y>ossesse.s the greatest resistance to wear and 
tear. They should he easily renewable. 

The mill shown in fig. 01 is one made 1)y Thomas C. 
Fawcett, Idd., wlio state that it is distinct from other plastic 
pans in that both the rolls and pan K’volve, and tlie material, 
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after being p'ound and mixed, is delivered on to a receiving plate 
which is keyed on to the vertical shaft, and, revolving with the 
pan, delivers the material by means of a fixed scraper direct to 
the brick machine. The ]>an is 9 ft. in diameter and the pow(‘r 
required to drive it is 20 b.h.p. It is claimed tliat this machine 
will give an output equal to other machines but through smaller 
grids, thereby ensuring finer grinding and tempering of the 
material without increasing the cost of treatment. Pan-mills 
mix th(i water and clay more thoroughly than do pug-mills using 
the same driving power, but the b'xture of diffenmt batches of 
paste is more irregular. 

MIXERS AND FEEDERS. 

After the material has passed through crushing I’olls or some 
other form of lueliminary grinding plant it must eiiier a mixing 
machine. For some clays a mixer forms the first ]>art of tlu' 
plant and it is then known as a feeder, though, meclianically, it 
is really a mixing machine. The obj(‘ct of using mixers and 
feeders is fo product* a material of even composition from a 
number of different materials which may occur togetluT in nature 
— as is the taise of clay with stones or sand in it — or which may 
occur ee])arately, but which it is desirable to mix, as when cer- 
tain properties are to be conferred on a clay which can only be- 
given ])y adding other materials to it. 

Broadly speaking, the greater the amount-of mixing tlie better 
will l)e the product, and as, by their construction, mixing 
machines cannot easily be overloaded, they form admirable 
appliances for securing a regular supply of material to grind- 
ing pans, which are troublesome if su]>i>lied irregularly. It is 
when listed for this purpose that they are termed “fe(‘ders In 
the United States the term “granulator” is identical with the 
British “mixer”. A sj>ecial class of feeding machines which 
do not mix the material will be described later (p. 182). 

Mixers are distinguished from j>ug-mills for convenience ; in 
reality pug-mills are only a form of “ mixer,” though this latter 
term is commonly understood to refer to machines of tJie open 
trough tyjH*. They are generally made of iron or steel with one 
or more long shafts running through the centre, to which are 
attached knives which thoroughly mix the clay before it enters 
the ])ug-mill. In some cases the knives of the pug-mill and of 
the mixer lire both on one shaft, but it is more usual to have 
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separate mixers which mix the clay and water together and thjsn 
discharge the paste into the pug-mill. 

Mixers are generally placed just below the crushing rolls, and 
sometimes other pairs of rolls are placed underneath them for a 
final crushing before the clay enters the pug-mill. The value 
and efficiency of a mixer must be judged by the extent to which 
it converts tlie materials supplied to it into an even paste, but 
no accurate conclusion can be reached unless it is first clearly 
shown that the material is in a suitable^ condition to be mixed. 
No mixer can be really effiictive unless the material supplied to 
it is free from large pitices of hard mater ml, tliough several 
strong knives in a long mixer will often effect a remarkable 
degree of homogenizatioH. 

The })est t(ist of a mixer is to take small samples from differ- 
ent portions of the ])aste which issues from the machine, and to 
examine tlnun carefully by the eye and also by a simple sifting 
test after stirring them up with water. When clay of a tough, 
stony nature is used it will frequently be found advisable to 
employ a powerful mixer to “ granulate ” it l.)efor(* })a8sing it 
to the crushing rollers. This custom is very common abroad 
when highly plastic (days are being troat(*d, the argument in 
favour of this arrangement being that it is said to require less 
power than the us('. of spiked or kibbler rolls. 

The sup})ly of material in a constant regular stri^am to the 
various machines is so important that it should receive far more 
consideration than it has, hitherto, done from many ]>rickmakers ; 
the eniploynumt of a sinijdc mixer or fecnler will often go far 
towards solving the ])roblem of “wasted engine power”. 

Th(‘ (essential parts of a clay mix('r are a (?ase or shell of 
ample strength, the shaft or shafts carrying the mixing knives, 
a supply of water capable of being accurately regulated so as 
to produce a’ paste of the required consistency, and the gearing 
necessary for the transmission of })ower to the machine. These 
parts should all be exceedingly strong and well fitted. 

Clay mixers may have a single shaft to which the knives are 
attached, or two or more such shafts may be used. For most 
purposes two shafts placed parallel to each other form the most 
efficient mixer. 

Single shaft mixers form efficient conveyers for short distances. 
The blades should be very strong, preferably of steel, and should 
be fitted so that they work at a suitable angle to the shaft and 
to each other. This angle can only be found by experimenting 
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with the clay to be used, and it is not uncommon to find that a 
mixer can be greatly improved in efficiency if the shape, size, 
spacing, and angle of the blades are altered. These changes 
should not be made, however, without expert advice of an im* 
partial character. 

In double shafted mixers the blades or knives should revolve 
in opposite directions and at somewhat different speeds (preferably 
in the ratio 1 : 2), as this enables them to l^reak up and reduce 
the material more readily and to mix it better with the water. 
The materials, and as much water as is thought necessary, are 
fed in at one end of the mixer, and leave in the form of a more 
or less plastic paste at the other. 



Fi«. 02. — Single shaft mixer. 


It is a curious fact that, althougli mixers are sold Ijy all 
ma.kers of general brickmaking machinery, tliere are very few 
really good machines for this purpose on the market. In most 
of them the blades are too narrow or too fragile, and are made 
of unsuitable metal, so that they are weakest in the most imi)or- 
tant part. This is especially true of the single shaft mixers, 
though the ones shown in figs. 62 and 68 are iiotal)le exceptions. 

Th(^ bearings in most mixers are of good design, but in many 
cases are too small to take effectually the sudden strains often 
placed on the machine. In all clay -working plants it is essential 
that the bearings shall be large, of good design, and of suitable 
metal. They should, preferably, be able to work efficiently in 
dusty places. 
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Mixorp witli doiiOle shafts are nuicli more efficient, as they 
only require one or two additional horse power to the single shaft 
machines, and the material is more than twice as thoroughly 
worked. They are, therefon'-, more popular and are correspond- 
ingly hotter in design, so that little or no difficulty should he 
ex])(u*i(uiced in selecting a suitahlo machine of the double shaft 
tyi)e (figs. 64 and 65). 

The blades on on(‘ shaft of a. mixer of this pattern should 
work close to those on th(‘ other shaft hut should not actually 
touch. They should be strong, well shaped, so as to turn over a 
considerabh^ amount of clay at a timi‘, and should be set at an 
angle so as to carry the clay slowly forward. The Idades should 
also be readily ropbuu'alje in cas(‘ of wear or breakage, and should 



Ei<<. (53. — German single-shaft mixer. 

be si'cured in ])osition by the use of square or hexagonal shafts 
and of similarly shapenl oi)oning8 in the farther ends of the blades. 
This is far more satisfactory than the older plan of fastening the 
blades with a bolt or nut. Large bosses on the blades make a 
<*onvenient means of titting them to the shaft and also occupy 
space which would, otherwise, be injuriously taken up ))y clay. 
The blades may have an elliptical rectangular or triangular cross 
section, the first-nanu‘(l being, usually, the best. Cast-steel 
blades art? the most serviceable, but no blades should be used 
when much worn. AVhen in position the l)lad('s usually form 
]>arts of a screw-thread or Avorm so as to exert a proj)elling 
action on the clay and cany it forward. It is seldom advisable 
that the blades should exactly corres])ond to this “worm ” shape, 
as slight variations from it often produce a better mixture, but 
these variations must not he too great. 
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Tlie nuDi])er of blades must vary with the clay to be treated, 


but if four blades con- 
stitute one “turn,” 
p:ood results can usu- 
ally bo obtained. The 
distance of the blades 
from each other should 
not be too j?reat, and 
should seldom exceed 
14 in. between two 
Idades on the corre- 
sj^onding positions on 
tli(‘. shaft. 

Li the United 
States considerable 
succ(‘ss has attended 
the use of shafts one 
above the other in- 
stead of side by side 
as is the custom here. 
Fig. f)0 shows one of 
tli(‘se machines whicii 
lias combined the fea- 
tures of the double 
shaft mill for mixing 
different material with 
the long enclosed case 
containing a single 
slnift only for ])ugging 
clays. Tmmedia,t(4y 
over the main pug- 
shaft and extending 
for about one half of 
the length of th(^ pug- 
chamlx'r is an inde- 
I)endent mixing shaft 
containing four rows of 
steel bars, so locat(^d 
that they just clear the 
tcm])ering knives in 
the main shaft. The 



distajice between the two shafts only slightly exceeds the length 


Fig. 64. — Double shafted mixer. 
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of the knives. The operation of these two knives on the 
material, with the close passage of the knives to each other, 
secures a thorough mixture of different ingredients before reach- 
ing that part of the chamber in which the pugging is completed. 
Some other mixers are illustrated later (p. 227). 



Fio. G5.— rian of mixer (Bennett Sayer). 

PUG-MILLS, MOUTHPIECE-PRESSES, AND AUGER 
MACHINES. 


The final machine employed for the pi'eparatioii of the paste 
for the manufacture of wire-cut bricks by tlie plastic process is a 
pug-mill, to the exit end of which is attached a mouthpiece or 
die which gives the brick its shape. In a few castes this is all the 
machinery that is reciuired, but with most clays some crushing 
or other preliminary treatment is necessary. 

Pug-mills are also used without mouthpieces, in order to 
secure a plastic paste of regular composition and of suitable stiff- 
ness for further work. In all these cases the same yrinciple 
is used, though the mill must bo more strongly built if a very stiff 
paste is to bo worked than if a soft paste is desired. 

At most works making plastic, wire-cut bricks the clay passes 
through crushing rolls, sometimes through a pan-mill or a mixer 
or both, and finally goes into a img-mill where it is thoroughly 
pugged and mixed under pressure, and eventually shoved out of 
a die in, the exact shape of a column of bricks, and from thence 
on to a cutting table where it is cut up into bricks. 
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A pug-inill is essentially a closed mixer and is constructed on 
the same general principles as the mixers already described, 
except that instead oi being trough shaped, it is usually cylin- 
drical and slightly siiialh^r at the exit end than at the other. 
Owing to its slmpe the clay paste in a pug-mill becomes much 
(iompressed and this sets up a resistance, or back-thrust, neces- 
sitating powerful construction and great care in design. 

In an open mixer tlu^ clay falls through an opening in the 
bottom of the trough at the exit end, but in a ]mg-mill the clay 
passes out at the enrl of tlu^ machine. For this reason special 
arrangements have to be made for sup])orting the knih^-carrying 
shaft at this end of the mill, and not a few failures in clay-work- 
ing .'ire traceable 1o faulty construction in this part of the 
m.achine. 

Pug-mills may ])e madi‘ with the bairel vertical or horizontal. 
Th(‘ former an* list'd when pre])aring paste for hand-made bricks 
((Chapter Til) and for fire-clay, the latter for nearly all cases 
where ware-cut goods are to be produced. As it is clostul it is 
impossible to see what is going on inside a pug-mill, ami much 
attention must thertd’ore Ite jiaid to the cl.'iy which issues from 
it. 

As in o]HHi mixtu's, the Idades in a pug-mill are arranged in 
the form of a sermv-thread or worm, fixed iirojiH'tions or blades 
being sometimes cast on to the inside of the barrel in order to 
])revent the rotation of the clay. The mill will deliver a more 
satisfactory column if the' end of the sh.aft carrying the knives 
is made of corkscri'w jiattiTii so as to act as a ]>ropellor (fig. G7). It 
deal's a. w'ay for tin* clay bi'hind it and causes a solid colunin of 
clay to exude from the die without creating unnem'ssary back- 
pressure on the blad('S of the luig-mill. This is (Hjually true 
of botli vertical and horizontal mills. Valuable as is this 
amingement, but fmv i)ug-mills contain it, Jind many are so con- 
structed that it cannot lie fitted 1o them. 

In selecting a i>ug-mill it is essential to have clearly in mind 
the pur]>oses for wliich it is to be used. If it is only re- 
(|[uired for mixing clay with water into a homogeneous paste the 
blades should l)e set fairly Hat, i.e. almost at right angles to the 
shaft, and should b(' broad and numerous. In short, a pug-mill 
for this purpose should have all the characteristics of a mixing 
machine. If, on the contrary, the main purpose of the pug-niill 
is to convert a plastic pastt^ into a band of clay of definite width 
and depth by foi'cing the paste through a die or mouthpiece, the 
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blades should be at a distinct angle to the shaft and should lorm 
a screw conveyer of which the tliread is broken ))y the si)ac(‘s 
between the blades. These latter should hcvvery broad. 8ueh 
a mill will press the clay into shape satisfactorily, provided that. 

it be supplied with a 

properly prei)ared past(‘, , 
but will do little or no ; 
mixing work. 

InteniK^diatt^ betw<‘cii 
these types of pug-inill 
is the one whie.li is most 
frequently used, and is 
intended to aet as a 
combined mixing and 
pressing machimi, llu* 
clay jji it b(‘ing made 
by it into a homogeneous 
paste and afterwards 
pr(‘ssed through the 
mouth])ieee to llu^ d(*- i 
sired sluqx'. In such a 
ma(‘bine the majority 
of the blades should b(‘ | 

arranged for mixing, | 
but those JU‘ar(T tin* 1 
exit end should be s(*t 
at a, smaller angle so as 

to b(! ])ropulsiv(‘, and a 

1 Fid. ()7. — Doublc-Biiaft mixer (Rimnond A Co.), 

couple ol turns ol a com- ' 

plete. screw should be provided at the. end of the shaft. Thes(‘ 
precautions are often overlooked, with the result that many 
troubles arise, ])artic.ularly if a stiff ])aste is require<l. 

A y)ug-mill should woik with lh(‘ least amount of wat(*r the 
required consistency of the mass will allow, and that mill is, 
broadly s])caki ng, the better which can produce an ef(ually good 
mixture with less water than another, ju-oviding it does not vv- 
(luirc more driving power. The various parts of the mill must 
be of ample strength owing to the great com]>ressiv(‘ forces 
exerted, and on this account the shaft and blades must be of 
amyile yiropoi’tioiis and the thrust bearings well made and ke])t 
proyiorly lubricated and covered so as to be free from dust. Th(‘ 
blades should not be used when unduly worn. 
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The speed at which pug-mills are driven is often ridiculously 
slow ; thirty to forty revolutions per minute is good practice, but 
many English clay -workers drive at half this speed, and thus waste 
power and produce an inferior result. Much, however, depends 
on the nature of the clay, and the brickmaker can only ascertain 
the best driving speed by actual trial. 

Many pug-mills are too short, and so fail to mix the clay 
supplied to them ; 6 ft. is , seldom too long, and many clays re- 
quire a i>r(iliminary mixing to have taken place before they can 
be dealt with satisfactorily in a pug-mill of this length. In such 
oases the mixer is attached to the pug-mill and driven from the 
same pulley, the mixer being fixed at such a height as will enable 
the clay from it to fall into the pug-mill. 

The construction of the thrust hearing is highly important, 



Fio. 08.— Griessumnn’s pug-mill. 


and most of the firms making pug-mills and lirick machines have 
paid special attention to the design of their bearings. 

Friction discs are much used, as are also projecting rhigs on 
the shaft working in grooves in the hearing (as in marine work). 

An ingenious device by F. Lane consists in attaching a 
hemisphere of hard steel to the end of the shaft, and a similar 
one in the thrust block. As the shaft rotates its hard rounded 
end works on the corresponding convex face of the thrust block, 
and the arc of contact is reduced to a minimum. Whatever 
type of thrust or journal bearings are used they must be kept 
clean and well lubricated. 

A German patent (fig. 68) by Griessmann, consists essentially 
of a series of conoids with screws through their sides to prevent 
the clay rotating, and a scries of helicoidal blades to propel 
it forward. This arrangement has increased the output of some 
mills not provided with a clearance screw at the end of the 
shaft by 30 to 40 per cent. 
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The best shape of the exit end of a pug-mill depends greatly 
on the mouthpiece. If the latter has a small opening there 
should be a long conical piece between the end of the mill and 
the mouthpiece proper. If large articles are being made, this 
conical piece may be shorter. The most suitable length must be 
found by experiment. 

Mouthpieces . — As a rule only one mouthpiece is used on each 
machine, but wliere the clay will permit it there are advantages 
in using two mouthpieces set at an angle to each other, as in 
fig. 69. 

The designing of a mouthpiece to work with a given machine 
is one of the most delicate engineering operations connected 
with hrickmaking. Variations of apparently trilling magnitude 



Fiu. (U). — Jiriok maohirie with double mouthpiece. 


cause serious defects, and the alteration of a mouthpiece is a 
matter re<piiring careful thought and juuch experience and skill 
befon^ it can be done satisfactorily. With plain bricks made 
from plastic-clay the difficulties are fewer and less troublesome 
than when hollow goods are produced hj the wire-cut process, 
but in all cases some skill is required, and often much patient 
experimenting must be cairied out before success is gained. 

In princix>le, the inouth]>iece is extremely simple, it l)eing 
merely an opening at the end of a pug-mill. This opening is of 
such a shape (usually about 9| in. x 4| in.) as to produce a column 
of clay paste the width and length of a “green” brick; and it 
might be assumed that a plate attached to the exit end of the 
pug-mill with an opening of the correct size is all that would be 
required. If a very soft paste is used, and no attempt is made to 
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keep the clay to a special shape, such an assumption is correct ; 
but as soon as the paste is made stiff enough to retain its shape 
on leaving the machine, a back -pressure is produced on the 
machine and troubles ])egin forthwith. A few tests will soon 
show that some means for effecting a gradual change in the 
shape of the clay column is necessary. Inside the mill this 
c^olumn will l)e a cylinder of 12 to 18 in. diameter; after passing 
through the mouthpiece it will be arectangular one of 9J in. x 4f 
in. This reduction of cross-section must })e effected so gradually 
as not to cause avoidable friction in the pug-mill, and for this pur- 
pose a conical collar must be placed between the mouthpiece 
opening and the haiTel of the mill, or the latter must he made 
conical throughout its length. There are reasons, which need 
not be detailed here, wliy tln^ latter plan is less desirable than 
the former, the most important being tlu' (‘ud support of tlie sliaft 
carrying the knives. 

As this conical reducing pi(“ce is in sonu^ ways of greater 
importance than, the opening in the mouthpiece, the two com- 
bined may be considered as forming tlie mouthpiece. The 
most suitable length for the reducing piece will depend u])on (a) 
the relative sizes of the mill-barrel and th(‘ moutlipif!C(‘ oi)ening, 
and (b) the rajndity with which the cross-section of tJie clay 
paste can he changed witliout detriment. Some clays can be 
worked with a very short mouthpiece, as they (tan be rapidly 
changed from one shape to another, but others n(‘ed very gi’adual 
reduction. No general ruh*. can b(‘ given, as tint length must be 
found by trial with the clay mixture for whicdi the inouthpicce 
is to be used. Even then, variations in the stiffmtss of the paste 
may prevent w(*ll-shaped articles heing made. It is seldom that 
the distance between the (uid of the cylindric.al part of tlie bamd 
of the mill and the opcuiing of the mouthxdece can be h^ss than 
12 in., and a much greater distance is often reipiired. 

With certain clays, a very accurately (constructed die, and a 
suitably sized mill, the reducing piece is unnecessary, and as the 
output of a mill in which it is not used is increased 19 to 40 
per cent, most makers of mills prefer to keep the reducing piece 
as short as possible. This is quite right providing that it is not 
overdone, as an unnecessarily lengthy reducing piece or nozzle 
may yield bricks with weak corners and edge's. Too short a 
nozzle will, on the other hand, give badly shaped bricks with 
torn edges and will waste power. 

As the clay paste on leaving the barrel proper is circular in 
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section and the final shape of it is rectangular, the internal shape 
of the reducing piece is often peculiar and difficult to describe. 
The reduction in cross-section puts a large amount of pressure on 
the clay~in some cases it is sufficiently great to stop the machine 
— and even when assisted by a powerful auger the amount of 
power required is often serious if the reduction takes j)lace in 
too short a distance. 

If a short collar is sufficient, one similar to that shown in 
fig. 70 may be used, but if a longer one is needed it will b(‘ 
better to introduce a conical casting, similar to that shown in 
fig. 71. 

Between an ordinary moiitlipi(‘ce and the l)arrel of the mill, 
or instead of a i)erfectly conical casting, a specially shaped 
reducing ])iece may be used. If the inouthjuece is sufficiently 
large no collar is necessary, as the mouthpii'ce i^roduces the whole 
of the change from a circular to a rectangular shape. 

A third alternative may som(*.tinies be einployed, though this 
is seldom the case, i.e. the barrel of the ])ug-mill may be of so 
small a diameter as to need no reducing piece. Tliis has tJio 
disadvantage, however, of not mixing th(‘ clay so thoroughly as 
when a larger mill is used. 

Instead of the mouthpiece being at the end of the pug-mill 
it may be at the side (fig. 72), though this, in the author’s experi- 
ence, is less satisfactory ■with many clays, as the thrust on the 
solid end is great and the direction of movement of the clay is 
changed suddenly just before it loaves the mill. At tl)e same 
time it must be admitted that machines of this pattern are 
giving satisfactory results in some districts. 

The mouthi)iece must be made of, or at any rat(' lined with, 
hard metal, as the internal wear is very great. It must also be 
kept accurate or the bricks will vary in* size. Ordinarily, fresh 
liners must be ijiserted and the old ones “trued U]) ” or discairded ; 
but an ingenious device patented in Franca^ by T. HervA deserves 
consideration in this country. As will be seen from the illustra- 
tion (fig. 7JI) the sides of the box are joined at two uj)])Ositc 
corners, and when the box has become too large it js only 
necessary to remove the bolts (cc.) and to pull the two halv<*s of 
the box asunder along the lines I to 2, and to 4. By 
grinding these angles the four iiarallel sides of the box can 
again be brought to their normal siz(^, and the whoh*, holt(Hl 
together, is then ready for use. This invention attempts to do 
away with most of the troubh^ ordinarily experienced in r(‘liniiig 
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ordinary dies, as, provided reasonable care is taken, the sides of 
the die cannot become untrue during the grinding of the angles. 
It is especially important that the mouthpiece should be 
capable of easy removal from the machine, so that another, with 
a differently shaped opening, may be substituted or so that the 
die may be cleaned or repaired. Many machine-makers have 
paid too little attention to this matter, with the result that the 
changing of a mouthpiece often requires a couple of hours’ 
hard work by two or three men. Instead of bolting it on with 
long screws of slow pitch, shorter threads may be used or, pre- 



Em. 71, — Brick maclune with loii^ collar (Whittaker). 


ferably, insteail of ])eing bolted all round, tlie mouthpiece may 
be provided with a liiiigo at one side and a bolt at the other, 
so that all that is necessary for its removal is the unfastening 
of the bolt and the drawing out of the hinge-pin (fig. 776). For 
cleaning the die it is sullicient to unfasten the bolt and turn 
the mouthpiece on its hinge. If the hinge is made sufficiently 
strong it will not be bent by the pressure of the clay in the press. 

Much trouble is experienced if the clay cannot easily pass 
through the mouthpiece, and to facilitate its passage the die is 
usually lubricated with water, steam, or oil. If the clay is fine 
in texture the die may be lined with coppe^r or brass and water 
used for lubrication, but with clays containing much hard 
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material steel-lined dies are better, and oil may be the only 

suitable lubricant, though 

water or steam may some- ^ 

times be used. * /T / ^ \ a 

One of the (‘arliest ^ / 

mouthpieces placed on the * ^ ~ 1 

market was that designed ^ ^ 

by the late H. Clayton in " ^ 

which two cylinders (fig. j ^ 

74) formed the sides of the \ ^ 

opening. These cylinders N. 

were slowly rotated by ap- \ f 

propriato gearing mechan- , ^ 

ism and served to help Fi«. 7S.-Herve's mouthpiece, 

forward the clay column. 

It has not been generally adopted. 

During recent years it has been found that “ lubricated dies ” 
are the most satisfactory, and many patterns of these are now 
obtainable. They vary in comydexity from a straight-edged die 
lined with coyiy^er or fustian to very elaborate arrangements. 

A die of modern type, made by James Buchanan h Son, is 



Fig. 74 — Mouthpiece (leBigned by H. Clayton. 


shown in fig. Ih. This has a double suy)ply of lubricant, so that 
the corners may be treated separately from the sides of the clay 
column — an imyiortant convenience with some clays. 

It is very necessary in constructing a die, to see that the clay 
column issues at the same speed over the whole cross-section. 
Unless sy)ecial care is taken, the ceTitre will travel faster than 
the sides and far faster than the corners. Sbould this ))e the 
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case, the die must be widened where the clay travels Blo^vest, 
and BO adjusted until an even flow is obtained. Otherwise, the 
bricks will be defective at the edges and will not be of average 



Fifl. 75. — Lubricated mouthpiece. 

strength ; in litid eases, the edges will resemble “ crocodiles’ teeth ” 
owing to the clay being torn as it comes through the die. 

lo avoid the time, trouble, and expense connected with work- 
ing in metal, the author invariably uses wood for experimental 
dies, and as soon as a reasonably satisfactory result is obtained 
he has a casting made. When this casting has been altered 
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until satisfactory, ho has a proper die made to the exact sliape 
of the adjusted casting];. No other method has been found so con- 
venient as this with really difficult clays. Fortunately, it is 
seldom necessary to carry out so full a set of tests, as one of the 
numerous mouthpieces on the market will usually work admir- 
ably with all except the most difficult clays. 

Whenever possible, water or steam is preferable to oil, not 
only on account of its cheapness (though the mouthpiece 
requires more oil than is used to lubricate all the rest of the 
machinery in the plant), for oil of a cheap grade is used, but 
because oil enters the surface indenta- 
tions and corntT-cracks and prevents 
them from healing under later pressure. , 

Steam has the advantage of warming the 
clay as well as reducing the friction i>ro- 
duc('d in its i)assag(\ But little im^ssure 
is required on tlu^ oil, Imt with water a 
pressure cnrrt‘.si)onding to that of most 
towns’ su])])ly is lu'eded. Wheji all the 
water used in tin* works, has to be 
pump(^d, it may )k'. mu-essary to use a 
pressure cylind(T. Fig. 76 shows a 
simple and suitable d(‘sign in which tlie 
upper tank is tilled with water and st('am 
is blown in at the top, so as to produce 
the jn’essure desir(‘d at the mouthpiece. 

By sliding the weight to and fro along 
the regulator-arm, any dc'sirenl luvssure 
between zero and that ol’ th(‘ steam in 
the boiler may lx* obtained. This is 
necessary, as turning a tap on tlu* sui>ply- 
pipe is often an ineffective means of Fi«. Ta.— Htull’s pressure 

reducing the pressure, as it cuts off too regulator for luouth- 
, - 11- . * piece lubrication. 

much of the lubricant. A pressure- 

gauge, placed as shown in fig. 76, enables the pressure of the 
water to be accurately regulated : an essential in the manufacture 
of the best bricks from a difficult clay. 

The water, or oil, enters the die and passing between the 
lining and the clay facilitates the movement of the latter. In 
many dies it also passes between the various sections or “ scales ” 
of the die, so as to come into contact with the clay at several 
points in the length of the die. In some dies the only outlet for the 
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lubricant ig between the clay and the lining, but others are pro- 
vided with a tapped drain pipe, which ig useful in regulating 
the pressure of the water or oil. 

As the corners of the clay column require more lubrication 
than the top, bottom, or sides, 
special arrangements should be 
made for an ample supply of oil 
or water where it is most needed, 
as by cutting the special channels 
sliown in Groke’s patent mouth- 
piece in %. 77. It is also wise 
to introduce suflicient oil, steam, 
or water at the back of the 
mouthpiece, so that directly the 
clay enters it may be smeared 
with the lubricant. If tiiis is done properly little use will be 
made of the lubricant introduced in tlie front or centre of the 
die. 

The supply of lubricant must be controlled by a tap, 
and an excess of cither oil or water must not be used; the 
former causes cracks which will not heal, and the latter 
softens the clay unduly. There is a tendency with i)lastic 
clay to allow the paste to become too soft. Tliis is wrong, 
as for wire-cut bricks the clay should be as stiff as can be ob- 
tained without loss in (evenness in composition. Indeed, the best 
results are obtained by working so stiff a paste that many dies 
will tear it, yet with a properly adjusted die almost perfect 
bricks can l)e obtained. 

For clays which are difficult to manipulate a mouthpiece 
with a scale lining is usually the best. Such a lining, as shown 
in fig. 77, consists of a series of plates, each jointed so as to form 
a rectangular frame S to 4 in, deep. These frames are so 
placed in the mouthpiece that they overla]) considerably and the 
lubricant, admitted between them and the casing of the mouth- 
piece, oozes out at the overlapping portion. Those laminated 
plates are made of zinc, tin, or steel, the outer casing being made 
of wood or cast iron and provided with channels to convey the 
lubricant to the laminated plates. Some of the most successful 
water-lubricated mouthpiece.s of this type used in Great Britain 
are those patented by Halsband & Co., of Cassel. The laminated 
linings are easily renewed, but if well made they will serve for 
the production of half a million to a million bricks (fig. 77a). 



Fifl. 77. — Laminated mouthpieoo. 
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R. T. Stull has investigated the structure of laiuinated and 
other lined mouthpieces ver)^ fwlly, and has recommended the 
use of a series of “ scales ” which touch but do not overlap each 
other. These scales are in the form of rectangular frames which 
fit inside the niouthpiece, and are held in position by bolts 
passing from front to back of the latter. Various modifications 
of this arrangement are in use by diflerent brickmakers, the 
object invariably being the production of a liomogeneous column 
of clay, quite free from lamination or other “ structure,” and 


Water 


W^ater Water 



Fio. lla . — Halsband conoid mouthpiece. 


devoid of internal stresses and strains which will later cause the 
bricks to twist. A perfect clay column can only be obtained l)y 
the use of a suitably constructed die, to which the clay is fed 
by a properly arranged pug-mill or other feeding appliance, the 
mouthpiece being pro])erly luluicated so that the clay travels 
at as uniform a spec'd as possible throughout its whole cross- 
section. 

Sometimes the clay column will expand noticeably after it 
leaves the mouthpiece or will crack on the face during firing. 
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In oacii case the taper of the mouthpiece should then be re- 
duced, either by reducing th(i size of the aperture next the pug- 
mill or enlarging the exit of the mouthpiece until the defect is 
removed. 

Properly constructed scale-lined or laminated mouthpieces 
greatly reduce the amount of power required to drive the 
machine, as compared to that needed when a fustian-lined die 
is used, and by adjusting the amount of overlap, the number of 
plates, the position, size of the channels, and the pressure and 
quantity of the water, it is not usually difficult to overcome all 
the ordinary defects in the clay column, and several makers of 
this type of die are willing to guarantee the production of a 
perfect band from any kind of clay which (‘.an })e made into a 
plastic mass. The exit of tlu; mouthpiece can only be enlarged 
when the size of the l)rick is of minor im])ortanc(‘. 

Most of tlie (hdects in the shape of the laic.ks can be remedied 
by slight changes in the niouthpiece. Jf they a.re hollow on toy) 
or side a corresponding opposite curvature should ])e y)ut in the 
y)late where tln^ hollow occurs. If tln^ bricks after firing are 
longer on the back than on the face, giving a slightly wedge 
sha])e, th(^ liners sliould bo cIosimI in at the bottom, so as to 
counter])alancc this, unless the y)aste is us(‘d in too soft a stjite. 
An ex(;essively soft past(^ (‘auses the clay to “ scpiat ” or spread 
at the })ottom and so produces bricks longer on the back 
fac(^. 

It is im])ortant to keoj') tin' lining frequently renewed and 
maintained of constant size, as bri(*ks of diflcrent sizes are diffi- 
cult to lay. 


EXPRESSION ROLLER MACHINES. 

In expression roller machines the die is not fastened on to 
the end of a pug-mill, but the clay is x)ushed through the die by 
a pair of rollers. It is essential that the clay shall bo in a 
perfectly homogeneous condition, as the rollers exert no mixing 
or crushing action upon the i)articles. 

Express rolls are valuable for making bricks from strong 
clays in which, owing to great shrinkage, the bricks are liable 
to twist or crack during the process of drying or burning. Such 
clay, if of uniform consistence and free from stones, can often 
be taken direct from the face, water applied to make it of the 
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proper consistency for plastic bricks and the mixture thoroughly 
pugged, carried along a copper- or zinc-covered table to the ex- 
pression rollers, by means of which it is pressed through the die, 
and will, if proper care be taken, produce a sound brick when 
burned. With the edges and ends perfectly square, the bricks 
can be used as “ best fronts ” with thin joints. 

Expression rolls are also suitable for the treatment of clays 
of a strong tough character, which, when made up witli the 
ordinary pug-mill, have a great tendency to show what is known 
as ‘‘ core cracks The use of a double shafted open pug-mill 
or mixer in conjumdion with expression rollers for feeding the 
die has been found from long practical experience to be a very 
effectual method of preventing “core cilicks ” in bricks, and 
to produce an article of uniform character and free from 
lamination. 

The dies used with expression rolls are almost identical with 
the mouth])ieces used on i)ug-mills and described in the fore- 
going section. Usually they art* of rather simpler construc- 
tion. 

A (;oiii])letc machine comprising pug-mill, rolls, die, and 
cutting table of a typt^ at one time very popular is shown in fig. 
78. It is known as tlic “ Murray’s j)atent,” has a daily output of 
15,000 bricks, and ikhmIs altout 10 h.p. to drive under good con- 
ditions. A similar machine using a horizontal jmg-mill instead of 
a vertical one and i)rovidcd with hauling gear is made by Swinney 
Bros., Ltd. (fig. 79). In this machine the rolls art*- 18 in. diameter 
by 20 in. long and are grooved. Wootton Bros., Ltd.’s ex]n’ession 
rollers figs. 79a anti 79?j are 24 in. diamett^r by 14 in. long, and arc 
moujited on stetd shjifts carried in long cast-iron frames with 
renewable side cheeks, Avhicli can be adjusted to compensate for 
wear, the top roller being also adjustablt;. A rocking ft*-ed(*r is 
fitted to the machine to compress the clay up to the rollers. This 
is worked by an eccentric on one of the tlriving shafts. 

This machine is powerfully geared, and driven hy fast and 
loose l)olt pulleys or friction clutch, as desired, and is practi- 
cally self-contained on a massive bed plate. Such a machine 
is extensively used for making quarries, hip and valley tiles, 
ridge tiles, and a variety of solid, perforated, and tubular bricks 
from clays liable to laminate when jaissed from a pug-mill 
direct to a die, this defect being prevented if the clay is forced 
through the die by the rollers instead of by a screw. 
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Fig. 80 shows a front view of a similar machine made by 
T. C. Fawcett, Ltd., which is simple in design, and of great 
strength. It is self-contained on a strong bed plate requiring 



little foundation and no skilled labour to fix. The same firm 
also make another roller machine in which three pairs of ex- 
pression rollers arc used with correspondingly satisfactory results. 
In this machine the clay is passed through one pair of expres- 
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Fio. 796. — Back view of Wootton Bros.’ expression rolls. 
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gion rolls set wide apart, then through a second pair set some- 
what closer, and finally through the third pair and the die. 
Some strong clays which are notoriously difficult to work have 
been very satisfactorily dealt with by this machine. It must 
always be remembered that expression rollers are only formative 
machines, and that to obtain good results with them the clay 
must have been very thoroughly and carefully prepared. On this 
account it must have been crushed (if necessary) as well as pugged. 

With difficult clays it is often necessary to use extensive ])re- 



Fin. so. — ExpreRRion rollR and die. 


liminary ])lant, as may be seen from fig. 81, supplied by Win. 
Johnson & Sons (Leeds), Ltd., or other arrangements of plants 
(pp. 77-87) may be used, the expression rolls being inserted be- 
tween the exit end of the pug-mill and the mouthpiece. 

Cutting Tableft form the final machines used in the manufac- 
ture of wire-cut bricks. They receive the clay in the form of 
a long strip and cut it transversely into a number of bricks. 
Usually a piece of clay at each end is not the full size of a brick, 
this must be returned to the pug-mill. 

The t^ssential characteristics of a cutting table are that it 

9 
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Bhall cut cleanly and ra])idly, and that all the cut pieces shall 
be of equal size. When tliese are secured the precise design of 



the table is of minor importance, and the great vari(‘ty of i)atterns 
now on the market is due to minor variations rathi'r than to 
fundamental . differences in design. In tln^ best cutting tables 
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the clay is either cut by wires or thin steel blades — the latter 
giving a somewhat cleaner cut when in perfect condition, but the 
former are more generally used because they are more easily 
kept in order, and replaced when broken. Many brickmakers 
use wires whicb are too thick to cut properly ; it is better to use 
thinner ones even though they may break mort‘ frecpiently. 

One of the simplest forms of cutting table consists of a zinc 
or copi)er-covered table smeared with “ brick oil,” on to which a 
sufficient length of clay, cut off from the column or clay band, 
is puslicd, and cut into 
bricks by de])ressing a 
frame across which a 
number of wir(‘s arc 
stretched (fig. 82). The 
frame may then be 
drawn back or it may 
be of a rotary pattern 
and nK)V(! only in one 
d i r ( ‘ c. t i o n . Tb c u 1 1 )r i c k s 
are tlnm fiuslied on to a 
board or pallet and taken 
to be dried, tin* ])ushing 
])eing dir(‘cl by hand or 
by means of a ])nsh board 
operated by a lever. 

The disadvantage of 
drawing l^ack the wires 
is the ])rodnction of a 
rough edge or arris 
whicb is avoided wlieii the wire travtds only in one direction 
through the clay. Some brickmakers lueter to bavt‘ the wires 
in a fixed franu^ and 1o ])usb the clay transversely across them. 
This method is quite satisfactory where fine clay is used, 
but for rougher material tin'- downward cut is ])referable, as the 
cut is shorter and leaves tln^ cut edges where they are of less 
im])ortance in tin' finished brick. 

8uch a table (fig. 8:1) is manufactured by C. Whittaker & Co., 
Ltd., in which the clay column issuing from the die of a plastic 
brickmaking machine is received on the talde, being su])i)orted 
by the rollers sliowji at the left of the illustration. When a 
sufficient length has passed on to the table the single cutting 
wire (also at the left side) is drawn across, and the detached por- 



Eia. 82. — Typical German cutting table 
(Ranpaoh). 
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tion pushed across by hand, in front of the pusher board. Then 
by the action of the hand -lever the clay is pressed through the 

cutting wires and cut 
into bricks, but these 
are not delivered on 
to the pallet until the 
jiext lot of bricks 
pushes them forward, 
thus preventing the 
back edges from be- 
coming broken. The 
bricks thus cut are 
perfectly true in shape 
and serious waste is 
avoided, for by this tabl(‘ the column of clay can be cut off to 
one inch of the length required for each stroke. The front board 
or ])allet is removtvl when full of bricks and is replaced by an 
(‘uipty one. 

A similar table is manufactured by Wootton Bros, of Coal- 
ville, in which, in addition to the usual horizontal rollers, 
two woodeii vertical rollers are also ])rovided to guides the clot 
on to the table. A large heavy dressing roller is also fitted to 
run over the bricks after they have passed through the wires. 
This talde (fig. 84) differs from the one just described, in that it 
is fitted with a two face push-board arrangement and double pallet 
boards. Sixty thousand bricks per day may be cut on this table. 

The “ Simplex ” bric.k and tile (Cutting table made by William 
Johnson & Sons, Ltd., is different from the two machin('s de- 
scribed above. The chief feature of this machine (fig. 85) is 
that the bricks are cut off without the attemdant handling the 
stream of clay in any way whatever. No cross-cut wire is used and 
all waste ends are avoided, the whole operation being performed 
by moving a single handle. The column of clay as it issues 
from the die of the pug-mill is allowed to travel up to the end of 
the table where a cross- board is fixed. The clay coming in con- 
tact with this pushes the top part of the table forward (the table 
is arranged to travel longitudinally and laterally). The attend- 
ant then pulls over the handle (to cut the bricks), draws for- 
ward the top of the carriage of the table (to clear the travelling 
stream of clay), pulls back the handle (to deliver the bricks on 
the moving board), then pushes the carriage back to receive the 
column of clay and then repeats these operations. 



Eio. 83. — Table with*fixed wires. 
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In the cutting table made by the Brigbtside Foundry and 
Engineering Co., Ltd. (fig. 86), the motion is obtained by a simple 
lever action, wliicb entirely supersedes the use of racks and 
pinions. It also has the handle, by which the cutting is per- 
formed, placed close to the single cutting wire, so that one man 
can, without moving his position, perform the various operations 
of cutting and delivering the bricks on to the barrow, etc. This 
arrangement renders the work easitu’ and more rapid where the 
clay is not too stiff. 

Following the (Tcrmaii custom, John Whitehead ('k Co., Ltd., 



Fig. ho. — E arly typ.^ of cutting table. 


mount the table on wheels which run on a short line of rails 
(fig. 87), so that when the clay issues from th(‘ die of the brick- 
making machine it eventually pushes against a vertical stop 
placed at the front end of the table, thus pushing it along the 
rails. The clay and talde then move at the same speed, and the 
stream of clay is divided squarely across by the sihgle cutting 
wire at the rear of the table into the length required to produce 
a certain nuinbf'T of bricks, usually six or eight. This cut is 
effected by moving a small lever at the front of the table. The 
attendant next pulls the table towards him and cuts the separ- 
ated block of clay into bricks in the usual manner, a side 
delivery action deposits them on boards, upon iwhich they are 
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transferred to the barrows, or to the repress, without being 
handled. The table is then pushed back and the operations 
repeated. 

The table is easily worked by one lad, and can be applied to 
any ordinary end-delivery machine which delivers its clay in a 
horizontal stream; the labour and time hitherto cmx)loyed by 
pushing the block of clay by hand in front of the fixed cutting 
wires are abolished. 

The macliine shown in fig. 87 differs from the tables generally 
used in Germany, as in tlie latter the frame moves, making a 



Fio. 87. — CuttinK table on wheels. 


downward cut (fig. 82) instead of the bricks being pushed through 
fixed wires. In the Batley cutting table (made by Oxley Bros., 
Ltd.) the clay band is cut by eight discs of steel instead of by 
wires. A view of one of these cutting discs, with the band in 
position ready to be cut, is shown in fig. 88. Each disc is pierced 
with five circular holes, for the clay band to go tlirough, and 
when thrown into gear each disc makes a strok(? of one fifth its 
diameter, and cuts off the clay, the pug-mill being stopped 
temporarily whilst this is being done. 

Power-driven tables are slowly increasing in use, though their 
advantages are not as great as is sometimes supposed. 
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In Fawcett’s patent power cutting table (fig. S9), as soon as 

the end of the clay column 
comes in contact with a 
“ stop,” it moves it and starts 
the machine, which auto- 
matically stops as soon as the 
bricks are cut and delivered 
ready to be taken away. 
The bricks are automatically 
separated after cutting so 
that they are the correct dis- 
tance from each other in.) 
when ])laced on the cars. For 
successful working, the clay 
column must be sufficiently 
stiff not to liend when press- 
^gs-inst the “ stop ” which starts the machine. The releasing 
lever must also be kept in good order so that it will operate 
directly there is a slight pressure on the stop. 




Fig. 89. — Power-driven cutting table. 

An automatic cutting table- which is sot in motion by an 
electric contact-maker has lieen successfully used liy the author 
for clays which bend under the pressure needed to start an 
ordinary releasing lever. 
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Rotary cutters are much used in the United States but are 
not employed in Great Britain, with the exception of the Batley 
•cutter just mentioned. 

It is a common practice in the United States to cut bricks 
“ endwise,” but this practice has never become popular in this 
•country. It is claimed that the defects incidental to cutting are 
minimized when the bricks are cut across the ends instead of 
sideways, but this gain Is trifling witli British clays, and it is more 
than counterbalanced by the loss due to diminished output. 

In order to cut ])ricks by wires successfully, several details 
require careful and constant attention ; tlie most important are 
noted here : — 

(а) The level top of the cutting table ijiust not Ih* higher than 
the bottom of the inside, of the mouthpiece, nor should it be 
appreciably lower. In most cases the table is stationary and can 
be packed up with wood, but where a neater job is required an 
adjustable stand or table should be used, and is, indeed, essential 
if large blocks are made by the same process as the bricks. Such 
an adjustable stand is shown in flg. 90, the legs being lengthened 
or shortened by rotating them. Another form of adjustment is 
shown in flg. 91, where the upper portions* of the table are 
moved, the lower ones.remaining stationary. 

(б) The wires must bo stretched tightly and must bo kept 
•clean. They must also be sufliciently thin to give a good clean 
brick. German piano-wire is the most suitable for the purpose, 
and brickmakers should experiment to find which thickness gives 
the best result. On the Continent, where the clay is ground finer 
than in many works here, extremely thin wires are sucjcessfully 
used, and the downward cut is invariably employed. In most 
British yards the wires are too thick to give a perfectly clean 
<mt. 

(c) The means used for attaching the wires must be simple, 
strong, and adjustable. Usually a hook below the table receives 
the lower end of the wire, and a butterfly-nut and l^olt working 
through the frame receives the ui)per end. Strong spiral springs 
are frequently inserted between the nut and framework to absorb 
vibration. 

{d) In order to make a perfectly straight and uniform cut, it 
is necessary to have the cutting table constructed with as much 
care as a high-class lathe. It should be carefully machined 
and put together, and should have bushings and liners for all 
wearing parts so that the slightest play may be taken up at will. 
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This Jirranp;(^ni(‘nt works fairly satisfactorily, particularly if 
the lower end of the top holt is made into a hook instead of being 
bored, as is usual. It is then possible to keej) wires in stock which 



are cut to the correct length and have a small loop (fig. 92) at 
each end. To replace a broken wire all that is necessary is to 
slacken the butterfly-nut, unhook the broken wire, replace it by 
a new one which has been previously prepared, and again tighten 
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the nut. This is far i)otter tiuin the plan, often adopted, of 
threading the wire through a hole and twisting it into a rough 
loop, as such loops are seldom sufficiently rounded, and the strain 
being unevenly distribuied the wires break too fre([uently. 

A series of keys similar to those used in pianos may also be 
employed, but it is not easy to make siieli rapid renewals, and the 
absence of a spiral s])riiig is a disadvantage with rough clays. 



Ei«i. 1)1. — Cutter with iKljimt'ible table. 


Various s]u‘cial attachments and “wire-savers ” have Ix'en ]>laced 
on tlie juarket from time to tiim*., but the value of tliese tin*, 
brickitiaker must judge for bimself. The author has tri(‘d most 
of them with iudiffi‘.re.ni r(‘.sidts. 

If bricks of different sizes are to l>e made, a. cutling t{ihl(‘, in 
which the wires can be moved closer together or farther apart 
should be used, or preferably one toAvhich an additional number 

Qmf= s mQ 

Eio. 92. — Catting wire. 

of wire holders can l)e attached. Tliis latter arrangtunent avoids 
the necessity of readjusting the holders each time the machine 
is used. If the liolders are properly constructed it is a sim])le 
matter to remove those wires which are not required, l)ut it is 
often difficult to adjust the holders with sufficient accuracy wdien 
once they have been moved from their place. Besides, the capital 
tied up by the use of a few extra holders is too trifling to require 
consideration. 

Repressing . — The methods of brickmaking already described are 
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not often suitable for the production of bricks for facing purposes, 
as the bricks are seldom suliiciently accurate in form ; it is, there- 
fore, necessary to repress them when ))e8t facing bricks are re- 
quired. Before this can be done to advantage it is necessary to 
dry the bricks until they are black- hard, or leather-hard. They 
must not be allowed to become too dry or the repressing will not 
be effective, neither must they be x>ressed whilst too wet or they 
will not leave the die properly. Some little skill is required to 
know the precise moment when a brick is ready for repressing, 
but it is not difficult to learn this with a little practice. 

The presses used for giving ])rick8 an accurate shape are of 
the screw-press, toggle-lever, and hand-lever patterns, and are 
driven by hand or steam power. The hand-driven patterns are 
usually (convenient where a portable press is an advantage, other- 
wise a power-driven press is bettc^r. The hand -lever presses are 
described on p. 60 in the section on Hand-made Bricks. 

Screto Presses are a special form of plunger press in which the 
die-box is carried on a bed-plate or table, and the plunger or 
male die is forced into contact with it by means of a quick -acting 
screw, working in a i:»ridge above. The bottom of the die is made 
loose and rises with the plunger. 

The plunger is raised to its full height and sitmiltaneously 
the bottom of the die is raised to near the top of the box. A 
brick is then placed on the latter and the plunger lowered by 
turning the wheel or arms at the top of the press. The speed of 
descent increases rapidly, and after the plunger has come once 
into contact with the brick and the force of rebound has started 
it on an upward journey, the man in charge of the press pulls it 
down again smartly so as to give a second pressure to the brick. 
When a power-driven press is used this second pressure is not 
given, but the single pressure is greater than in a hand-press. 
There are reasons for believing that two lesser pressures are better 
than a single more powerful one, and partly on this account 
power-driven screw-presses have not, up to the present, displaced 
many hand-driven ones. 

Screw presses are made by most manufacturers of brickmak- 
ing machinery, but resemble each other so closely that very few 
examples suffice to show the essential details of their construc- 
tion. Those of the older type are provided with a long arm (fig. 
93) with a heavy ball at each end, but the more modern presses 
have a heavy wheel (fig. 94) which is steadier and gives a better 
pressure. The earlier and smaller screw presses were mounted 
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on wheels for portability, but the later ones are usually of heavier 
construction and are necessarily fixtures. 

The great desideratum in a screw press is the rapidity and 



Fig. 93. — Screw prees with ball weights. 


steadiness of action. Both these are secured to an ani])le (jxtont 
in the press shown in fig. 94, as the double action steel screw 
with right and left hand thread gives a traverse double that of 
the ordinary screw, and the adjustable arms on each side of the 
plunger make it impossible for it to shift sideways^during its 
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deecent. In tliig way the damage done by the plunger not exactly 
entering'the die-box is avoided. A man and a lad can presB from 
5000 to 4000 per day with thin machine. 



Fm. 94. — Fortable screw press. 


Power-driven i)rcsscB of the screw, or Titlcy type, are largely 
used on account of the greater outjmt and more uniform pressure. 
They are similar to the hand-driven ones, but two boys can re- 
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place the man and lad, as the greater strength ot the latter is 
not needed. Fig. 95 shows a very good means of applying the 



Fig. 95.— Power-driven screw press. 


power, viz. by means of two discs wldcli force the fly-wheel 
round* by friction, the one shown in fig. 96 with three pulleys 
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and crown and pinion driving gear being quite as satisfactory. 
The power gear starts and stops the press, the momentum of the 
fly-wheel striking the blow as in a hand-driven press; and an 
automatic reversing motion returns the wheel to its starting- 
point. 

The Pullan & Mann machine (fig. 96) has an advantage in 

that it can be fitted with the 
maker’s patent measuring ap- 
pliance which ensures each 
brick ])eing the same size, any 
inequalities ])eing shown in 
the varying depth of the frog. 

In selecting a screw press, 
(‘arc should also be taken to 
ensure a simple yet effective 
means being provided for 
holding the die-box and for 
s(^tting it accurately in posi- 
tion. Slotted flanges on the 
box into which fit strong bolts 
passing through the bed are, 
probably, the best foriii of 
fastening if the bolts are suffi- 
ciently large. 

AVith a machine subject to 
such sudden strains as a screw 
press, the bearings need to be 



Fi«. ‘.)6. — Power-driven screw press. 


specially well imide and to be examined occasionally to see that 
they are in ordc^r. If a i)reRS of this type “ runs hard ” the bear- 
ings should be examined immediately. 

Eccentric Bepresses, working with a plunger driven l)y an 
eccentric motion, are simple in action and have few parts to get 
out of order. They are preferably made double, so that there is 
less liability to shock when pressing is overcome, and the pressure 
is maintained during a longer time. Such a machine is clearly 
shown in fig. 97, worked by a single cylinder engine attached 
to it. A front view of a similar press made by Bradley & Craven 
(Wakefield) is shown in fig. 98, but in this the bricks are placed 
in and taken off by hand instead of automatically, though a 
push gear can be added if desired. The press should, as in this 
case, stop automatically after each brick is pressed, so as to 
prevent any risk of danger to the attendant. 
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The essential f)arts of the machine should be very strong and 
large; the eccentric and shaft shbuld be of steel and the die 
lined with hard ‘metal or steel. 



Fm. 97. — Brick press with eccentric action. 


The output varies from 5000 to 6000 bricks per day accord- 
ing to the size of the machine. 

A good eccentric-motion press of somewhat different type is 
made by T. C. Fawcett, Ltd. It has been specially designed for 
repressing wire-cut bricks and has a daily output of 14,000, the 
bricks being fed automatically or by hand (fig. 97a). 

10 
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Toggle-lever Presses work on an entirely different principle, 
and give two entirely distinct pressures. Two arms or levers are 
used, and the pressure is applied in such a manner that after the 
brick has been pressed by the action of one lever, the motion of 
the machine brings the second lever into action and a double 
pressure is thus obtained. Fig. 99 shows a front view of a 



I'lG. — Eooentrio double press for plastic bricks. 


typical press of this type by Sutcliffe, Speakman & Co., Ltd., and 
fig. 100 a back view of a similar press by the same firm, showing 
an oil-engine attached for driving it, though a small steam-engine 
is generally to be preferred. Another important feature of this 
machine is that the pressure is retained on the brick whilst it is 
being ejected from the mould, thus rendering it possible to pro- 
duce bricks with a very good finish. 
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The motions for feeding and delivering the brick to and from 
the mould and also for lifting them out of the mould are all 
self-acting and sim])le. The bricks can bo delivered to either 



Fia. 98. — Bradloy-Craven repress. 

side and the press can be easily regulated to press bricks of any 
thickness. 

In all toggle or knee-joint presses it is essential that the 
I)re88ure should hv. received where it is needed and not on the 
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framework, as this type of press is amongst the most powerful 
used in repressing plastic bricks. The bearings must ])0 of ample 
size and kept in thorough order and adjustment. 

Presses of the toggle-lever type are largely used for the “ Semi- 



Fig. 99,— Toggle lever press (front view). 


dry ” and “ dry ” brickmaking processes, and several other ma- 
chines will be found described in those sections. 

In the use of a press for repressing bricks, numerous little 
points must bo watched if lamination and other troubles are to be 
avoided. The die itself must be kept true to shape and relined 
as soon as it becomes appreciably worn, as with a worn die good 
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bricks cannot be produced. Many brickmakers are careless in 
this respect and in the accuracy with which moving parts fit into 
the die-box. Unless these are rightly arranged much power is 
wasted and the best quality of bricks is never reached. Some 



Fio. 100. — Toggle lever presB (back view). 


firms spoil their bricks with too much oil in the press ; others 
are continually troubled by not using sufficient oil. It is a 
mistake to suppose that whenever a brick sticks in the die more 
oil is needed. Sticking is more frequently a sign that the bricks 
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aro prfBBed in too Boft a Btato, and l)y leaving thorn to dry a 
littlo nioro, nuudi ptickinj^ may ho prevented. 

The upe of oolza or ood oil mixed witlr paraffin in the })roportion 
of on(^ teappoonful or more to a pint will often enalde better bricks 
to be produced than when a cheriper lubricant is used on the bricks. 
Various methods for a])plyin^!: the oil have l)een suggested from 
time to time, hut none appear to 1)0 better than wiping the mould 
repeatedly with a gnrt'.asy rag, and occasionally leaving the die 
full of oil for a night. Most of the trouble of bricks sticking is, 
as already riotcnl, due to ])rossing tlnmi when too wot. 

One common defect is the ])lunger (or male) die not engaging 
projrerly with tlie box (or -female) die, but hitting tin* edge of the 
latter and tlu‘n slipping in. Jn time, the dies l)Ocome so worn 
that an arris, or false edge, is produced on the bricks, and their 
value is seriously diminished. This can only he avoided ])y 
keeping the. guides for the plunger and the bearings through 
which the moving portions work very steady, so as to prevent 
slipping, and by placing the die-box very accurately in position 
and clamping or bolting it down whilst the plunger is actually 
engaged in it. 

This matter of accurately fitted dies is more important than 
appears at first sight, as defects in this part of the machinery 
not only produce unsightly bricks, but cause so much waste of 
pressure as, in many cases, to })rev(‘.nt the repressed bricks from 
being any Ijetter for the treatment. This is one reason that 
so many firms find that repressing adds little or nothing to the 
strength of the bricks. Effectively ])erformod, repressing is an 
advantages, but if the process is badly managed it would be 
better for the bricks had it been omitted. 

A brick once formed has a definite “set ” or structure, and if 
it is repressed in a proper manner and at the pro])er time, the 
particles will simply be compressed and a denser brick obtained. 
If, on the contrary, the brick is])laced in a die which is too large 
for it, or into one of a different shape, the “ set ” of the brick will 
bo destroyed by the extensive movement of the particles under 
compression, and a complex structure, due partly to the original 
formation of the brick and partly to its deformation in the press, 
will be produced. Such a brick cannot, by its nature, be so 
strong as a bri ck of a more homogeneous structure. Hence, unless 
the dies of the repress are kept in first-class order it is better 
not to use a repress at all. For the same reason the production 
of cylindrical clots to be later pressed into bricks, is undesirable. 
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Die-Boxes in presses require to be made in such a manner 
that corrections for wear and tear can readily be made. Many 
ingenious devices for this purpose have been invented, amongst 
the best being (a) renewalde lining pieces (b) built up sides. 

In dies or moulds with rtmewablc liners the portions of metal 
which come into direct contact with the clay are in the form of 
thin 8triy)S of steel, which can readily be replaced when worn, 
without much expense being involved. 

With built-up dies the four sides of the die ar(‘ made loose 



Fio. 101. — Jones’ patent brick dies. 


and are held together by bolts, as in the ])atent dies made by 
John Jones & Sons, Ltd. (fig. 101). 

The “ economic- ” moulds made by Sutcliffe, Speakman & Co., 
Ltd. are based on the principle of a mould made iii two or four 
parts held together by two massive bolts passing through the 
body. Loose liners are arranged with notched edges and key- 
pieces to fit perfectly to each other. On tightening the two bolts, 
the whole mould, including the liners, is held rigidly together, 
but on loosening the ])olt8 it may be readily taken to pieces and 
the liners turned or replaced. These moulds can be fitted to any 
type of hand or power press and Jire very cheap in actual use ; 
they deserve to be widely known. The saving of time they effect 
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in relining is very great, and they are appreciated by all who 
have used them, on account of this convenience. 

The illustrations show an “ economic ” mould taken to pieces 
(fig. 102) and put together ready for use (fig. 103). It is essential 



that the dies should be kept accurate in size, as otherwise the 
bricks will be faulty. 

Any variations in preparing the paste, or in its composition, 
will cause the size of the clot, or first-formed brick, to vary. To 
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allow for this variation the clot or brick is made small enoughi 
to drop easily into the die-hox of the repress. Hence the brick 
does not fill the press-box neatly, and when the pressure is 
applied the clay is forced out until it meets the sides and ends 
of the box, producing a different ‘'set” and a rearrangement of 
structure, which may seriously affect the final strength of the 
brick. 

This difficulty may be partly overcome by the use of a device 
(such as that patented by Pullan & Mann) in which variations in 



Fig. 103.— “ Economic ” mould ready for use. 

the thickness of the original brick are automatically taken up 
by varying the size of the frog in the repressed article. 

Surface cracks in repressed bricks which have been fired are 
sometimes existent l)efore repressing, but instead of being healed, 
oil enters the surface indentations and cracks and prevents the 
surfaces from adhering. The removal of the brick from the 
press partially smooths over these flaws, so that it is impossible 
to detect them until they have been through the kiln. 

The chief use of the repress is to put sharp corners and 
square edges on an otherwise irregular block of clay, but by 
exercising greater care and skill in forming the original brick, 
much of the repressing now practised may be avoided. 
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DRYING. 

Plastic-iiKido l)ric‘ks usually roquire to la‘ perfectly dried 
before being sent to the kilns as, if the moisture they contain is 
removed too rapidly, good bricks cannot lx; ])roduced. 

Hacks (p. 56) are not usually (unploycd except for drying 
hand-made bricks, though in some instances they are quite 
satisfactory for the machine-made article. 

Artificial drytTs are of various ty]>es, ranging from the simple 
shed to the most com]>lex of chamber- or tunnel-dryers using 
waste kiln-gases, live or exhaust st(*am, or l)oth, and fitted with 
mechanical ventilators. 

The main principlc^i, applied in the drying of bricks are con- 
vection, (conduction, and radiation, the heat necessary being 
applied ])y ])lacing the goods on heated floors or iji a current of 
air warmed to the desired tenqjerature. IVhen no artificial heat 
is used, a large amount of air at the ordinary temperature will 
be re(|uired, and if the clay is tender it will be necessary to dry 
very sloAvly, as sucli clay is very s(msitiv(; to strong currents 
of air. 

The simplest form of dryer is a slued in wJiicli is a numl)er of 
racks or shelves on wliieli the bri(cks an* placed to dry (fig. 25). 
The walls of this shed are made in sections of Venetian shutters 
which are opened to admit fresh air, or of boards which can 
be taken down and an open shed ])roduced. Tlie roof should 
have shutters which can be opened to create a better circula- 
tion of air when the bricks recpiire it. 

The racks, or shelves, should be arranged witli aisles or gang- 
ways between them if the shed is very large, and should not be 
higher than a man can reach easily whilst standing on the ground ; 
the use of trestles wastes much time and is far from satisfactory. 
Ample space must be left between the top of the ra(;ks and the 
roof of the shed, as if this space is too small tluTe will not be 
sufiicient air in the shed to retain the moisture given off by the 
bricks unless a very strong air-current is used. Such air-currents 
are disastrous with many clays. 

The cost of such a shed fitted with racks is by no means low 
(it amounts to about .£800 for .an annual output of 1,000,000 
bricks) and the cost oF placing the i)ricks on and taking them off 
the ra(iks is also considerable. It is, therefore, advisable in many 
cases to substitute some other form of dryer wliere the annual 
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output exct^eds 1 ,000,000 bricke. For small yards the use of such 
a shed will effect a total saving of about 6d. per 1000 as com- 
pared with hack -drying. 

It is wise to erect such a shed the full width and to increase 
its length when a, larger capacity is required, as this arrangement 
does not interfere so much with the working as when a series of 
sheds is used. The out])ut of sucli a shed may ])e increased l)y 
laying three steam -])ipes on the floor beneath (‘ach rack, or by 
constructing the racks of 1 in. iron pipes through whieli steam 
is passed. The use of steam is valuable when the l)ricks have to 
be made very soft, and the output of tlie works is too small to 
warrant tlie installation of a tunnel-dryer. 

Small vertical l)oilers quite suitable^ for this work can now 
be o))tained very cheaply, and tlie fuel ])eing burnt under better 
conditions than when “fires” are used for drying, mucli heat is 
s{iv(‘d. The troul)le of a limited watc^r-supply need not be con- 
sidere-d serious, beciause most of th(‘ steam can be condensed 
and e.ollected at the outlet of the dryer. 

Th(' main underlying prineijde of the l^est systems of drying 
hy artificial heat consists in the use of a small volume of air 
at a. higher temperature in place of a large volume, of cooler 
air. The advantages of this are so gi’eat as to mak.e artificially 
warmed dryers far cheaper for large out})uts than is often 
suppose‘.d by brickmakers who are unaccustomed to the use of 
heat, and the volume of air being smaller the tendency of the 
goods to crack is greatly rc^duced. 

The best methods of applying heat are by no means easy to 
ascertain ; the common idea — that of raising the temperature of 
the drying-shed by sui)plying heat to the floor — being found, on 
careful investigation, to require serious modification if the 
best results are to be obtained. In the first place, bricks placed 
in a luxated, closed shed will not be dried completely unless their 
temperature is so high that it would be difiicult to deal with 
them when dry without loss of lu'at (and therefore of fuel) by 
allowing the shed to cool. In addition to this loss of heat, the 
irregular distrilmtion of heat which occurs in such a dryer is 
liable to give unsatisfactory results, and b(‘tt(‘r drying can, there- 
fore, be obtained more econonii(^ally by the more* careful use of 
the principles underlying tin* supply of heat and tin* evaporation 
of water in bricks. 

When a wet brick is heated, several r(*aetions occur of which 
the following are the most important : — 
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(a) The dry or solid portion of the material absorbs heat 
and its temperature increases. 

(b) The moisture in the brick also absorbs heat, and if the air 
surrounding it is capable of absorbing moisture some of the 
water passes out of the brick into the air, this process of drying 
being continued until either no moisture remains in the brick, 
or until the air can absorb no more because it is saturated. In 
this last case the temperature of the air must be still further in- 
creased, or the air must be replaced by an un saturated portion. 

(c) As the moisture evaporates from the surface of the brick 
it is replaced by other water-particles from the interior, and the 
brick shrinks in size until a stage is reactn^d where no further 
contraction is possible, after which simple transference to the 
surface and evaporation of the moisture alone take place. The 
amount of air use.d, and tfie tem])erature attained by it and by 
the finished bricks, will depend upon a number of circumstances. 
Thus, as A. E. Brown has shown, “to raise a dry brick weighing 
7 lb. from 60'’ to 61" F. takes only I *4 units of heat ; but to raise, 
in the same way', the temperature of a wet brick weighing 7-^ 11)., 
and to evaporate at the same time the -J- lb. of water it contains, 
will take 5^7 units of hoat,'Or nearly 400 times as much. The 
latter figure represents the heat yielded by the consumption of 
about I oz. of ordinary coal. Not only so, but the heat has ab- 
solutely disappeared, and can only be recovered by condensing 
the vapour of the water-]>ath into the water again. For this 
reason the statements which are sometimes made that certain 
drying systems use heat over and over again, and that the heat 
is not allowed to escape, must not for one moment be credited, 
although at first sight they seem to be borne out by the system 
referred to.” It will thus be seen that the supply of an ample 
amount of air, at a suitable temiierature, is the primary factor in 
the drying of bricks, and the methods by which this is attained 
must now be considered. 

Three general methods are in use : — 

1. The bricks are dried by convection, by placing them on a 
hot floor which transmits its heat direct to the bricks, and these,, 
in turn, warm the surrounding air and enable it to absorb the 
moisture evaporated, providing that sufficient air is present. In 
this case, the bricks are laid on the floor, or are stacked to a 
height of about 3 ft. The disadvantage of this method of heat- 
ing is that it is wasteful of heat, the air being warmed by the 
bricks, and unless satisfactory means are supplied for its pro- 
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gressive renewal or removal, the drying is both irregular and 
Blow compared with the amount of heat used. Such floors are 
not suitable for very tender clays. The floor may be heated by 
steam flues, by flues from coke or coal fires, or by waste kiln 
gases, or the dryer may be placed above or around a continuous 
kiln — a custom very popular in Germany but seldom used by 
British brickmakers. 

In spite of the advantages which some otlier dryers un- 
doubtedly possess, there are cases in which the drying room on 
top of a continuous kiln is equally satisfactory and often cheaper 
to work. This is especially the case where space is limited, and 
there is-but little accommodation for a dryer on the ground level. 
The saving in fuel is also quite noticeal)le when the bricks are 
dried from the waste heat from the top of the kilns, even when 
the goods are ordinarily dried without heat excei)t in damp 
weather. The cost of raising bricks to the top of a continuous 
kiln is often greatly exaggerated, as a simide elevator with 
])alance weights will usually provide the elevating power, and 
the number of men needed is no more (and sometimes even less) 
than with the other forms of dryer. In short, the firm which 
installs a simple drying room on top of their continuous kiln 
need have no anxiety when they have once arranged it to suit 
their clay, for an error can only be made wlien, without attempt- 
ing to \niderstand the conditions under which the clay must be 
dried, a dryer is designed as a direct copy of one used by another 
manufacturer. 

Opinions differ greatly as to the relative value of steam and 
fuel for heating dryer-floors ; the use of gases from kilns is only 
omployed to a very small extent, and many firms would profit 
by more attention to this method of working. 

The gases should be drawn from the kilns under the dryer 
floor by means of an induction fan, placed at the farther end of 
the dryer, as, by this means, the gases are cooled so that they 
cannot injure the fan. The>floor is so constructed as to distribute 
the heat evenly throughout, a design similar to that used for 
steam but with flues 18 in. deep being satisfactory. Larger 
flues may be used if a light floor is strong enough. The fan 
should show a gauge reading of i in. to 1 in. of water. 

When steam is used, it is customary to employ exhaust steam 
during the day and live steam at night, if necessary. The con- 
struction of the floor is practically the same as when fuel or kiln 
gases are used, except that the joints may require to be rather 



158 


M0]1EIIN BKICKMAKINO 


tighter to prevent condensation on the bricks, and the sub-door 
must be carefully concreted to prevent the ground being unduly 
softened by the condensed steam. Some attention should also be 
paid to the draining away of the water produced in the flues of 
a steam -heated floor, and on this account the sub-floor should 
slope in> the same direction as tlie steam travels, though E. 
Thomas has found a depth of 2 in. of water on the sub-floor to 
be an advantage in securing a more even distriljution of the 
heat. Th(* steam being of a uniform tcmperatim^, the lines of 
brickwork forming the flues may Ix' broken by setting these 
bricks a) )Out 1 in. apart; incidentally this secures a })etter dis- 
tribution of the steam. The floor should l)e divided into a num- 
ber of sc'parate sections, (‘ach about 10 ft. wide and each 
capabl(‘ of Ix'ing worked independently. This servers to economize 
steam and facilitates tlu^ regulation of tln^, drying. 

The, stexim froiri tlie l)oiler enters a transverst‘ flue at one cjkI 
of eacli of these sections from a i)ii)e controlled l>y a special 
cock or valv(‘, finally escaping through a similar transvers(^ flue 
at the other cndX)f the section. It is important that a viait for 
the (^scnpt‘ of steam, as well as a drain outlet for the water, 
should b(^ provided at tin* end of each section. Sonu^ makers 
prefer to let the -steam (Uiter a transverse Hue in the centre of 
the dryer instead of at one end; this is desirable if the dryer 
is more than dO ft. in length, but otherwise it is more convenient 
to hav(‘ th(‘ steam -inlet pipes near to a wall and so out of tlie 
way. 

The use of drain ])i])es to forjii the Hues of a drying Hoor 
should be avoided, they are seldom, if ever, satisfactory, and if 
the spaces between them are filled with solid ground the lieating 
power of different portions of the Hoor is v('ry iiTcgular. 

A steam floor built in s(^ctions, .‘tO ft. long and 10 ft. to 15 ft. 
wide, will dry ten bricks t)er w(*ck for every scjuari' foot of surfac(‘ 
if properly built and cared for. If tli(‘. flues are covered with 
iron plates instead of with cement a slightly larger output may 
be obtained, but the use of iron presupposes that the bricks can 
withstand somewhat rapid heating. 

An excellent arrangement of flues for a steam-heated floor 
consists in laying 1 ricks end to end on their edge with their sides 
G in. apart (centre to centre) on a sub-floor mad(* of concrete 
2 in. in thickness, and covering these bricks with others laid flat as 
“ stretchers A finishing cover of cenumt, 2 in. thick, or iron 
j)lates, II ft. scpiare, compbdos tlu^ floor. The cement (^o^^ering 
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is preferable, as it does not transmit the heat so rapidly as do 
iron plates. 

' The lowest 1 nicks are set with their ends 1 in. apart until a 
width of 10 to 15 ft. is obtained, when they are set close and 
jointed with mortar or cement so jis to form a series of in depen* 
dent sections. In place of bricks, hollow blocks may be used 
where tin* weif^ht to be carried by the floor is not excessive. The 
thickness of material between tlie steam and the bricks to be 
dried is less tlian witli a brickwork floor and the heat is transmitted 
more readil3^ Such a floor is, however, juore (nisily damaged by 
(‘.arelessness in the use of the barrows employed for carrying off 
the ])ricks. 

Floors lu'ated by coke, (‘oal, or kilw>gases have the flues 
arrangeii similarly to those tmiploying steam (]>. 157), the fires 
being arranged at oii(‘ (md of tin' dryer and a chimney at the 
other. The sections sliould not b(‘ more than 8 ft. wide for each 
fire used, and the thicknc^ss of floor above tin' fines should be 
greater nearer tin* firi's than at tln^ other (md, so as to secure; as 
even a temperature as possibl(‘ in tin; bricks. The whole of the 
dues should slo]>e sliglitly \i]) wards towards the clilinney-end and 
the gases sliould be collected in a transverse flu(‘ l»efore being 
taken to the chimney. A floor heated in this way will dry 10 
to 12 bricks per s(piar(‘ foot iier W(^ek if very carefully watched 
and with a favourable clay, but. with timdca* clays serious 
difliculties may be ('xperienc(‘.d. 

When kiln -gases are use-d they are didivered into a transverse 
flue at one (a\d of the floor through a flue comi(;cted directly to 
th(‘ kiln. In order to prevent a back draught on the latter it is 
usually mHH^ssary to employ a. fan at the other end of the dryer 
in order to draw the gases through the floor. A blowing fan can- 
not well bf; used, as tln^ gas(^s are. too hot, except when obtained 
from continuous kilns. It is, howc'ver, a mistake to attempt to 
use the gas(*s from pro])(Tly constructed continuous kilns for 
this purpose, as their ln*at should have been used in the kiln 
itself with the exception of a small amount necessary to carry 
the gases up the chimn<;y. 

The use of wastes gases from single intermittent kilns for 
drying has not rectuved tln^ attention it deserves, yet when a 
number of such kilns an^ (connected to the same shaft it is not 
usually difficult to corjuect them to the dryer and so use the 
heat the gases c.ontain. These gases must not, however, be 
allowed to come into <‘ontact with the ))ricks or the latteu’ Will 
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be discoloured, though so long as gas-tight flues or pipes are used 
for containing the gases no harm of this sort can occur. The 
hot gases should be taken from the top of the kilns. 

The hot floor is one of the oldest forms of artificial dryer 
known, and for ordinary building bricks it has now been largely 
replaced by tunnel dryers, though for fire-bricks, terra-cotta, and 
in many somewhat small brickyards a hot floor is still used. 

After the bricks have ,been partially dried on a hot floor they 
are usually stacked, in order that they may take up less room 
before they are taken to the kiln. This is a waste of labour 
which should be avoided when possible, but is sometimes un- 
avoidable, The bricks may be stacked in a variety of ways, and 
suggestions in this connexion may . bo gained from a study of the 
illustrations in Chapter VIII on setting and burning. 

Some clays permit the bricks to be stacked very openly, whilst 
with others the bricks must be placed very close together so that 



Fia. 104. — Briokfl set in open chequer work. 


they may dry very slowly. In the latter case, a simple chequer- 
work arrangement of the bricks should 
be used (fig. 104), but if an open setting 
is required the arrangement shown on 
this page (fig. 105) is to be preferred, 
an “ air flue ” (a) running through each 
set of bricks. 

If the ‘bricks are set in blades or 
walls, these should be about 8 in. apart 
so as to permit of easy handling and 
ample air-space for drying. The height 
of such blades or walls will depend upon 
the stiffness of the bricks, but ought not 
to exceed 4 ft. 



Fig. 105. — Bricks drying on 
hot floor. 
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2. The goods are placed in special chambers—usually of a 
tunnel form — and the air is drawn through these chambersy 
lieing heated directly and communicating its heat to the bricks. 

In tunnel -dryers the air is heated, and the goods are dried 
chiefly by their contact with warm air, though they are, to a 
limited extent, heated by radiation from the pipes, etc., in the 
dryey. The basic idea in a tunnel dryer is the same as that in 
a continuous kiln, with the difference that, instead of the goods 
remaining stationary and tlie heat travelling (as in a kiln), the 
goods usually, but not always, travel in the dryer. 

In most cases the bricks are placed on cars and are moved 
througli the chambers, whieli are made sufliciently long to hold 
a number of cars at a time, but dryers using warm air in which 
the goods are stationary are also employi^d. Tliese latter have 
the disadvantage of wasting some heat and the- goods must be 
taken to the dryers, set, and again loaded on to cars or barrows 
before lieing taken to the kiln, thus necessitating a loading, sot- 
ting, and reloading which are avoided when cars ar(‘ used. On 
the other hand, the cost of the cars is avoided. 

The best results are obtained (])roviding the goods can with- 
stand the slight shocks produced when a car is removed from a 
dryer, the remaining ones moved forward, and a new one in- 
serted) when the bricks remain on the cars during the whole 
drying i)eriod, but with delicate articles, and where the cost of 
cars would form a smous charge on the capital of the firm, it 
may be necessary to places the goods in a tunnel until it is filled 
and to remove them when dry, though a little consideration will 
show that this method is more costly both in handling and in 
heat than when the goods move forward through the dryer. 

Tunnels in which no cars are used must be filled, the goods 
dried, and the tunnels then emptied. 8uch tunnels are there- 
fore intermittent in action. When cars are used the dryers are 
generally made for continuous working. The chief use of ear- 
less dryers is for specially tender clays which will not stand the. 
shocks of the cars ; but if these vehicles are properly constructed 
continuous dryers will be found preferable. 

A simple form of continuous tunnel-dryer is shown in fig. 
100 in section and in fig. 107 in plan. In this the cars (C) carry- 
ing the bricks to be dried, enter at the cool end (B) and are 
moved intermittently (i.t?. t‘ach time a car is drawn out of the 
dryer) towards the end (A). Hot air enters the dryer through 
the flue (A) and is made to travel in the opposite direction to 

11 
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th6 goods, the movement of air being indicated by the arrows. 
When charged with moisture and cooled, the air passes out 
‘through the ’flue (B). Only one track or tunnel is shown, but 
any convenient number may be placed side by side. A conveni- 
ent size of tunnel is 120 ft. long, holding sixteen cars, each carry- 
ing B60 bricks. When properly constructed and worked, a tunnel- 
dryer should dry even tender clays in twenty -four hours, or an 
average of four bricks per minute. 

It has been shown, by A. E. Brown, that a tunnel -dryer is 
most efficient when the air enters it at 170° F., and leaves it at 
82° F., but this latter temperature is too low in practice, because 
the air is so charged with moisture as to make it difficult to 
avoid its condensation on the goods jugt entering the dryer. In 
some instances bricks are found to weigh several ounces more 
after a short-time in the dryer than they did before entering it; 
this is due to condensation of moisture on them. The result is 
that, with a dryer of this type (i.e. one in which the air and 
goods travel in opposite directions to each other), the air is 
discharged at about 90° to 95° F., and a slight loss of heat thereby 
is accepted as inevitable. 

The movement of air is effected by means of a fan or a special 
chimney stack. It is lieated by passing over a special heater 
using fuel or kiln-gases, or by mixing it with gases derived from 
the combination of fuel, either directly or as the waste gases 
from kilns. The latter method is not satisfactory when the 
colour of the finished bricks is important on account of the im- 
purities in the gases. 

To prevent the bricks at the top from drying too rapidly, 
some means of controlling the air currents and regulating their 
velocity in different parts of the dryer must be provided. Other- 
wise the topmost bricks will be dried more rapidly than the lower 
ones. This is often overlooked by amateur dryer-builders. 

The Blackman Ventilating Co draw air partly over grates 
(G) (fig. 108) on which the fuel is burning, and partly through 
other openings protected by gauze doors, so arranged that the air 
is mixed with passing through the fire-brick flues (R) before it 
passes the fan (V) and enters the dryer through the upcast (A) 
as already described. Such an arrangement is known as a “ slab- 
heater ”. It is very effective, as the flues (R) tend to heat the 
air very uniformly when the heater is properly cared for, but the 
warming of the air by its admixture with the products of com- 
bustion of the fuel is a serious drawback except for common 
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goods. On this account the tubular coke-heater (fig. 109) made 
by the same firm, in which the air is kept pure and is heated by 
passing through iron pipes, is to be preferred. In it the gases 
produced by the inirning of the coke pass around the iron pipe^, 
heating them, and tht‘n out through the chimney. 

Slab-heaters lose a serious amount of heat when above 
ground, hence the Sutcliffe Ventilating Co. place theirs below 
thti ground level, and employ a different arrangement for regulat- 
ing the amount of air passing through and over the grates and 
that used to dilute the products of combustion. 

The “ Aero ” dryer \ised by H. Raynor at Witham, Essex, is 
similar to tliose by Blackman & Sutcliffe, but an induced draught 



Pin. 108.— Han of Blackman heater. 


fan is placed b(‘low the ground level at the opposite end of the 
dryer to that. at which the stove is fixed. The air, heated in a 
slab-heater or in any other suitable manner, enters an expan- 
sion chamber and then passes through a square hole (inlet- valve) 
in the' floor of each tunnel. After traversing the tunnel it passes 
out through another square hole (outlet-valve) in the floor to the 
fan and the outside air. A chimney fitted above the exit (fan) 
end of each tunnel enables the dryer to work at night without 
the necessity for running the fan if the outlet-valve is closed. 
Control of tlie heat is obtained by means of dampers. Thus, 
heat is prcvmited from entering a tunnel by covering the inlet- 
valve with a damper. The draught is also controlled in the 
same way at the outlet-valve. An imi)ortant feature in the 
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construction of this dryer is that each of the outside walls con- 
sists of two separate walls of 4^ in. width, with a in. space l:»e- 
tween them. The drautijht from the fan draws any warmth from 
this cavity that may penetrate the inner in. wall hack into the 
tunnels, where it is again utilized for drying. 

Steam -heaters are placed under the warm end of the tunnel 
if of the tubular form, but when steam pij)es are used they are 
generally placed in the floor of the tunnel just below the rails on 
which run the cars carrying the bricks. Tubular steam heaters 
usually consist of a cylinder 10 to 20 ft. long fitted with about 
200 tubes, each 3 in. diameter, through which air is blown by a 
fan, and around which live or exhaust steam circulates at a 
pressure not exceeding 60 lb. Such a^ heater shown diagram - 
matically in figs. 109 and 110 is supplied by several firms, 



notably the Blackman and Sutcliflb com])anios just mentioned. 
An excellent steam heater of American design is shown in fig. 111. 

The Wolff dryer has steam pipes placed under the floor of 
th^ tunnels to about three-quarters of its length, as shown in 
fig. 112. The i)ipeB are arranged in four or more sections, the 
steam passing from one to the other in turn, and leaving any 
condensed water in the 5 in. connecting or “ service ” pipes. The 
amount of steam is so regulated that none escapes from the last 
section. All the water produced by condensation is taken to the 
boilers. The roof of this dryer is double and has several open- 
ings at the cool end which may be used to increase the upward 
movement of the air and to take it direct to the shaft. The 
volume of air supplied in this dryer is comparatively small, 
rarely exceeding 2500 cub. ft. per minute in each tunnel. 

Drying is slower than in some other types of tunnel-dryers, . 
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being seldom completed in less than fifty hours and occasionally!,, 
requiring five day^. 

^ Condensation on the goods is often heavy, owing to the air 
being highly charged with moisture at the entrance end of the 
tunnel, and a preliminary “tempering chamber” about 40 ft. in 
length is, therefore, used to prevent this deposition of water on 
the bricks. In short, the Wolff dryer is economical in regard to 
the amount of steam it requires, but it is capable of much im- 
provement in several ways. 



When kiln-gases are used in a tunnel-dryer, they should be 
passed through somewhat wide metal pipes on account of their 
corrosive powers, unless the smaller piping can be cheaply and 
easily replaced. The flues or pipes should be some distance 
below the goods so as to allow some circulation- of the air heated 
by them, or the bricks will be irregularly dried. 

It is, usually, best to employ waste steam as far as possible, 
and only to finish the drying with air heated by, passing around 
flues containing kiln-gases. 

The most efficient and effective drying of bricks is obtained 
by the use of the tunnel-dryers in which both goods and air move 
in the same direction. The air is cold as it enters the dryer, and 





Fig. 111. — American air heater* 
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it and the bricks are both wanned progressively, as they travel 
forward, so that the air passes out of the dryer warm and leaves 
the bricks hot and dry. 

As the heat-carrying power of the air increases very rapidly 
with an increase in its temperature ))y working in this “direct” 
manner, there is no danger of condensation on the goods, and the 
drying can be accelerated as soon as sufficient moisture has been 
removed from the goods to enable this to be done. 

As exhaust steam docs not sup])ly heat at a sufficiently high 
temperature, the hot end of the dryer must l)e supplied with 
gases from a furnac.e or kiln. 

A typical dryer of this kind is one patent(‘d (fig. llfi) by A. E. 
Brown. A series of furnaces or slab-heaters (H) is placed below 
the hot end of the dryer; and the air from these ])asses through 
a series of pipes (C) which are se^parated by broad transverse 
chambers (G) covered with sheet iron (d) to facdlitate swee])ing 
or obviate the defects of expansion. At the cool ojid of the dryer 
these gases pass through a series of tubes (K), around whicli the 
air for the dryer circulates, and are taken to the chimney by a 
fan (not shown). Any atlditional heat that may be re(piired is 
supplied by steam pipes (e), and kiln gases carried in pip(^s oj* Hues 
may replace those from the slab-heaters (H) in whole or in part. 

The air for drying the bricks enters below the floor level at 
(/), passes around the heater (K) and into the tunnel at (h). It 
then traverses the entire length of the tunnels in the same direc- 
tion as the cars, becoming warmed by and taking up more and 
more moisture from the bricks. It flows in a gentle stream, and 
by reason of the overhead radiation does not rotpiire diverting 
by baffles or ketiping in spiral movement by side fans. There is 
consecpiently an entire absence of surface drying, and its attend- 
ant warping and cracking of the goods. Below the roof (D) a 
ceiling flue (F) is formed either by tubes or, as here shown, by 
a sheet-iron ceiling (b). Into this flue the hot air now enters at 
(k), travelling in the reverse direction, to the collecting flue (M) 
by which it reaches the fan. The heat from the hot air radiates 
downwards through the ccdling. 

The air necessary for combustion of the fuel of the furnace 
enters the cooling chamber at (/) and passes off the hot cooling 
bricks from the openings (m), picking up the heat given up by 
the dried bricks in cooling. The necessary suction of the air and 
furnace circuits is created by a fan placed at the cool end. Some 
amount of condensation of the moisture dried out of the bricks 




Fig. 113. — ^Brown’s tunnel dryer. 
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occurs in the ceiling flue (F). The fan thug produces simultane- 
ously the circuits of the furnace gases and the drying air. 

When treated in a tunnel worked in this manner, most (eveh 
tender) clays may be dried within thirty hours, as the amount of air 
used is very small in volume. It is, during the greater part of 
the drying, so charged with moisture as to be nearly saturated. 
Excessive surface-drying and strong air-curreiits are thereby 
avoided, and many clays which will inevitably crack when dried 
in other ways can be readily and satisfactorily dried in a tunnel 
of this description under careful management (see p. 175). 

The Wolff dryer, when worked in the opposite manner to 
that usually employed, is converted into a dryer of this type, and 
BO gives far better results for the reasons just mentioned. 

The Holier and Pfeiffer dryer also works on this plan, and is 
in extensive use on the Continent. This dryer has, however, a 
number of fans at the side, so as to give a spiral or corkscrew 



Fig. 114. — Single deck brick-car. 


motion to the air in the dryer, this air being repeatedly passed 
over the heaters and goods in its spiral journey. The makers 
claim that they can dry any clay, no matter how tender, in 
twenty -four hours, and many clays in a shorter time, and so far 
as the author can learn they appear to have fulfilled this promise 
in most instances. There is, in fact, no doubt that this type of 
dryer is the most efficient on the market, but the cost of fans 
makes it expensive to install, and, for most purposes, a similar 
effect can be obtained without these fans by providing a false 
ceiling, arranged as in fig. 113, to give an overhead radiation. 

The power required to drive a fan suitable for a dryer need 
not exceed 2 b.p.h. for four tunnels yielding together 15,000 bricks 
per day. The fuel and steam consumption is distinctly less than 
in any other form of dryer, amounting to about 1 J cwt. of fuel per 
10,000 bricks dried at an average of four per minute. 

The cars used for carrying the bricks may be of the single (fig. 
114) or-double deck (fig. 115) type. The method of loading them. 
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softness of the bricks, pallets being used or 

on kch oS 



Fi(i. llS.—Double deck brick*car. 


, . bricks may be set eidit liigh or seven 

high if pallets (fig. ne) are used, but double deck cars are preferred 

hold u?® f tricks, cars with racks to 

hold plain pallet boards (fig. 117) arc preferable. 



Fia. 116.— Stool-pallets for brick-cars. 


, . crrsfhould have roller-bearings (fig. 118) and steel wheels 
6f 12 in. diameter. A suitable rail-gauge is 20 or 24 in., the 
wheel base being 30 or 42 in. respectively. The narrower sizes 
are preterable for ordinary work. 
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As the dryer raile are usually at right angles to the presses it 
is generally necessary to employ a transfer-car (fig. 119), which 



Fkj. 117. — Cars fornoft bricks. 


runs on a track placed in a trench transversely to the ends of the 
dryer. The Irick-car is run on to this transfer-car and the whole 



Fiw. 118. — Roller bearings for brick-cars. 

is wheeled until it is in the right position for the brick-car to 
enter the tunnel. A similar car and track receive the dry bricks 
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from the other end of the dryer. An ordinary brick-car costs £4 
to £6j a transfer-car about £9. 

The rails in the dryer should wei}?h at least 14 lb. per yard 
and should be securely bolted with fish plates. They should l>e 
laid so as to slope 1 in 80 towards the exit end, though some 
brickmakers prefer a level track. 

The cars are usually propelled through the dryers by moans, 
of a winch working on the car about to enter the dryer. A small 
pulley on a horizontal axis is mounted below the rails about 6 ft. 
inside the dryer, and over this is passed a steel rope with a hook 
at one end, the other being wound round a hand winch. The 
hook is attached to the back of the car, and on working the winch 
the car is drawn forward into the dryer ^and the door closed. 
When it is necessary to ]>ut another car in the dryer the hook is 



Fi«. 111). — Tranfifer-car. 

taken off and placed at the back of the new car, which is then in 
its turn made to enter tlie dryer by operating the winch. 

Other apj)liance8 of a more or less automatic character may 
be used, and in some yards the slope of tlie rails is sufficient to 
enable a strong man to do all that is needed, without any winch 
or other mechanism being necessary. 

In general construction the outer walls of dryers are built of 
9 in. brickwork, the inner ones being thinner. The roof may be 
of galvanized iron or concrete; a wood, felt, or iron roof, well 
pugged with sawdust or sand is preferable, as it does not con- 
duct — and so waste — heat so readily. A sliding door, proi)erly 
counterbalanced so as to rise easily, should be provided at each 
end of each tunnel. By constructing a dead air-8j)ace in the 
roof and outside walls, niuch loss of radiated hf‘at may bt* pri‘- 
vcnted and fuel saved. 
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At the outlet-end (particularly if there is a sloping track) It 
is wise to have some safety arrangement, so that in the event of 
a oar breaking loose it will not damage the door. For this reasom 
some dryers have the exit door hung with hinges at the top, a 
chain hung over a pulley, and attached to the counterpoise, 
being fastened near the bottom, but the simple rising door fixed ' 
without guides is equally satisfactory if not made too heavy. 

The cost of erecting tunnel-dryers varies greatly, but a fair 
average for each thousand bricks’ capacity is about £45 for the 
“ direct type ” and £;35 for the “ inverse type The apparently 
greater cost of the former is, however, saved in actual working 
and upkeep costs and in the fewer worthless bricks produced. 
Broadly speaking, a tunnel-dryer costs the same as a continuous 
kiln for the same annual output. 

All continuous tunnel-dryers must work day and night, the 
cars being withdrawn at regular intervals l>oth day and night. 
The kiln fireman can usually attend to this at night, as it 
usually only means inserting three cars and withdrawing three 
others. 

The objection to running a fan at night urged by some brick- 
makers has no real foundation, as wherever steam is employed 
in a dryer it necessitates a night stoker, and he can attend to fan 
and dryer at the same time as the boiler. 

To get the best results from any dryer, means must be pro- 
vided for testing the amount of moisture and the temperature of 
the air in it as well as the volume of air used. For this purpose 
wet-bulb thermometers should bo employed, a recording ther- 
mometer being also very desirable. Directions for using these 
can be obtained with the instruments. 

In comparing the relative cost of working with different 
dryers all matters must be taken into consideration, as certain 
firms’ representatives are sometimes inclined to minimize the 
importance of such subjects as “ back-pressure ” and “ an odd 
load or two of coal ” each night. Yet these trifles may make all 
the difference in obtaining an accurate comparison. In cal- 
culating the cost of drying bricks by various methods, it is fairest 
to take the number of good and perfect bricks as the basis, for 
the others are practically useless. Most dryer builders do not 
like this method of calculation, for it tells against poor or un- 
suitable dryers, ])ut it is the correct way, nevertheless. Another 
. factor which is often omitted in comparing different kinds of 
dryers is the depreciation and interest on capital ; in other words, 
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Special machinery, etc., needed, and their effect on. the cost 
|^:the dried bricks. 

It is specially necessary to see which form of all those 
Suitable for a particular clay is cheapest in actual use ; depreci- 
ation and interest charges must be included in this, as well as 
mo material used in construction (wood, brick, or iron, or all 
three). The cost of working and of the labour required also need 
consideration. 

The choice of a dryer is not so simple as most people suppose, 
if the really best dryer for the particular clay is to be selected, 
and in most cases impartial expert advice should be sought 

No matter how skilfully a dryer may be constructed, unless 
it is properly managed it may prove a failure, particularly with 
a tender clay. It is, therefore, necessary that the men in charge 
pay full attention to instructions given to them. 

In drying tender clays, the chief requirement is to use air fully 
saturated with moisture to raise the temperature of the bricks 
to that at which drying may most suitably take place. So long 
as the air used for this is sufficiently moist no drying or cracking 
can occur. When the bricks are at the right temperature, the 
moisture-content of the air used may be reduced in gradually 
increasing amounts until the bricks are strong enough to allow 
dry air to be used. In this manner, the tenderest clays may be 
satisfactorily dried in a comparatively short time. One method 
of keeping the air around the bricks sufficiently moist is to heat 
them in a closed chamber, air only being admitted very cautiously 
when the bricks are at 100° C. Instead of using a closed chamber 
it is often sufficient to cover them with wet canvas and to cover 
this with tarpaulin until they are fully heated. The tarpaulin 
may then be gradually removed, and afterwards the canvas also. 
This principle is simple of adoption in almost any brickyard, 
even where the output is not sufficient to warrant the installa- 
tion of a special tunnel-dryer. 

In these ways the moisture is sweated out with a minimum 
of air and consequently the liability to damage is at a minimum, 
shrinkage is made regular, and warping and cracking are avoided. 

Bleininger has found that clays which are difficult to dry 
because of their high shrinkage, may be rendered normal by 
heating the raw clay as it comes from the pit in a rotary furnace 
at a temperature of 250° to 400° C. This destroys part of the 
plasticity-forming power of the clay, and enables the material 
to be dried in the same manner as less plastic clays. The cost U 
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THE STIFF-PLASTIC PROCESS OF BRICKMAKING. 


Whilst alinoet. any clay of sufficient purity can be made into 
bricke by moans of one of the processes described in the previous 
chapter, these methods are far from being the most economical 
so far as certain clays arc concerned. The })r6portion of water 
which it is necessary to mix with the clay in order to produce a 
plastic clay may easily amount to more than 1 lb. of water per 
brick, and this involves the use of a larg(‘ amount of time, or 
artificial heat, in its removal. ' 

There has, therefore, within recent years, arisen a pract}o«(f 
amongst brickmakers whereby the clay is worked up into a mu^lb ^ 
stiffer and less plastic paste with a smaller quantity of water, 
in some cases with no water at all, so that the large amount\;# 
water necessarily added in making bricks by the plastic prooej^ 
is partially or completely avoided, and the bricks require , i 
little drying, and frequently can be set directly into the* 

These processes in which little or no water is used ar^ 
respectively as the ‘‘ stift -plastic,” “ the semi-plastic Bf 
dry,” and the “ dry-dust ” processes ; the first of these wil‘. 

<1 escribed in this chapter. piont. 

The advantage of the stifi-plastic process lies in the fact^ 
when properly carried out the bricks need but little dryi*^*. 
stiff and easy to handle, and may be repressed, if deJ 
immediately after they are formed. At the same tiim:’ 
resemble in structure and characteristics those made 
plastic process far more than when the drier proceBses et 
In connexion with repressing it must be remembered tlH^^ 
firms of brick-machine makers do not consider the “ 
brick at all, but employ a press as an integral part of theff 
and con8e(iuently understand by a repressed brick 
has been passed through two distinct presses. 

The disadvantages of the stiff-plastic Bystenuj^L 
cannot l)e used for certain classes of clays of anff f 

177 fftil the 
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sticky character — though even with these much may be done 
by the judicious admixture of sand or other non-plastic materials 
, — and there is a great temptation when it is used for hrickmakers 
to huiTy the clay direct from the machines to the kiln and to 
heat up too rapidly, with the result that the finished bricks are 
badly discoloured and are often warped. Had they been dried 
properly before being sent to the kiln, iii many cases first-class 
bricks would have been produced. 

The advantages of the stiff- plastic system are, however, so 
obvious and so important, that there is little dou))t that this 
will be the chief process of brickmaking in the near future. The 
disadvantages are much more apparent than real, and with 
reasonable care can be overcome with the majority of clays 
suitable for brickmaking. ^ 

The process of making bri(;ks by this system r(H|uires the 
provision of a comparatively dry clay, or one iji whicdi a. wt^t 
clay can be mixed with a large amount of dry material so as to 
make a relatively dry mixture. This is necessary, because in 
this process the clay is ground and sifted in a relatively dry 
state, and this sifting and grinding cannot be effe(;ted by the 
same plant if the clay is very moist or damp. It is specially 
uitable for certain shales, which are becoming increasingly 
opular for the manufacture of hard burned, slightly vitrified 
lilding bricks. 

Briefly, in the stifl-])lastic process, the clay or shale is brought 
from the pit in wagons and fed into a grinding mill, generally 
le edge-runner type, with revolving perforated pan, though a 
minary breakage of the large lumps is desirable*. The; clay 
,und dry or in a slightly moist state, and is then taken by an 
,'Dr to the screens, of which there is generally one to each 
The clay which passes through the screens goes down a 
nto a miixer, where a little water is added and the whole is 
; oroughly mixed. It next goes into tin; making-machines 
■)ressed into rough blocks or “clots ” about the size of a 
These are then repressed, this latter operation giving 
ii its proper shape, making the “well” or “frog” and 
lon the name of the firm. The bricks are then dried, 
iry, and taken to the kilns. Drying is avoided when 
^is being the great advantage claimed by the stiff- 
'jess, though even where it cannot be entirely avoided 
preatly reduced. As the bricks when taken to the 
resumably, in the same state as those made by the 
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plastic process, similar kilns may be used. These are described 
in Chapter VIII, but it may be noted here that for large outputs 
some form of continuous kiln should be used for bricks made by 
the stiff-plastic process. 

The material must be sufiiciently ground, and for the best 
bricks must be able to pass through a sieve with twenty holes 
per linear inch without leaving any residue, though for com- 
mon bricks a coarser sieve may be used, one with eight holes 
being popular. It must be mixed into a paste of even composi- 
tion and of constant stiffness, and the machinery used must bo 
kept in first-class order. If these matters are attended to and 
the material is suitable, no serious difficulties should occur in 
the manufacture of stiff-plastic, bricks. 

The material used in J:he stiff-plastic process may be of 
almost any kind that will make bricks, providing that it is not 
too sticky. Shales and some loams are best for the purpose, but 
some boulder-clays can be successfully used. As all these ma- 
terials are somewhat variable in composition when first won, 
it is necessary to mix them thoroughly, and for this purpose it is 
better to use a grinding mill than crushing rolls, as the former 
has a powerful mixing action. The material being practically 
dry, the advantage of grinding mills with perforated revolving 
I)ans is available, and this ty])e of mill should be used except 
under extraordinary circumstances. 

A large mill is desirable so that there may be no trouble^ 
obtaining a sufficiency of ground material. With a small 
the working of the plant is troublesome, but with a largeii 
any excess of clay over that required can usually be,storedi the 
it is needed. Moreover, the cost of running a large mill j/^icnt, 
per ton of material ground, and, consequently, if the the 
well arranged a notable saving in power is effected. TqP the 
full advantage of this saving, the mill and the rest of t^j£ it is 
must be capable of working independently of each other/- ♦ i^ot 

The output of all edge-runner mills for dry materia»|‘"^^ther 
closely connected with the sizes of the pieces andthef i 
in which they are fed. If too little material is suppi (hg- 
obvious that they cannot work at their full capacity. ^ jj^bout 
seldom realized by those in charge of such mills that ' ^^dry or 
the output is also reduced, even though the overfee-^'i^^^^cJt 
temporary. To secure the best results an edge-runne,^ 
be supplied with small pieces and in as regular weight 
possible, and the ordinary method of emptying 

w/i iitil the- 
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material into the mill by meane of a “ tippler ” or similar con- 
trivance is not calculated to give the best results. 

The best means for feeding the mills must be decided upon 
by those in charge, as it is largely a matter of cost. Thus the 
ideal way (regardless of expense) is to attach a preliminary 
stone-crusher and a mechanical feeding appliance to the mill, so 
that the supply of material to the latter is independent of the 
amount brought from the clay pit. Such appliances require 
power and cost a certain sum for installation, and it is sometimes 
(though very seldom) found to be cheaper to run the mill below 
its capacity, instead of using them to supply it with a regular 
and suitable feed. 

The method, sometimes used, of keeping a man at the mill 
to break up large pieces and shovel in the material at frequent 
intervals, is invariably more costly than the employment of a 
breaker and feeding appliance, and is not so satisfactory. To 
some extent feeding appliance's may be avoided by the use of 
' very small wagons, so that only small qujintities enter the mill 
at a time. The tv^ear and tear on these small wagons and the 
cost of haulage must, however, be taken into consideration when 
the question of a feeding apparatus is under discussion, and they 
do not prevent lumps from entering the mill. 

One great difficulty accompanying the introduction of auto- 
matic breaking and feeding appliances into existing works, where 
*they would undoubtedly save money, is the lack of room in the 
* -house for such an apparatus to be inserted. In several 
ances where the mills have not been capable of supplying 
Uent material under existing conditions, and where it was 
sary to work them at their maximum capacity, the author 
''ccessfully employed the following arrangement : — 

3 material is brought from the pit in wagons of the usual 
nd the contents of these are tipx>ed on to a sloping tray 
^ with sheet iron and provided with sides about 18 ins. 
>?his tray is perforated with holes about 3 in. diameter, or 
ne constructed of bars placed this distance apart. The 
Hween the clay and the ground is enclosed to prevent 
of dust and to keep the material dry, a similar grate, 
k placed at the bottom of the slope, and receives the 
Vhich has failed to pass through the perforations or 
\e bars. These large pieces of material are either 
by hand, with a hammer, or are passed to a stone- 
^)re they are sent to the mill, this breaker being so 



THE STIFF-PLASTIC PROCESS OF BRICKMAKING ,181 

placed that it delivers the material below the tray just described. 
All the pieces less than 3 in. diameter are taken to the mill by 
some form of feeder, or where no such appliance is used they may 
travel by gravity down a chute. 

The saving thus effected in wear and tear of machinery and in 
power, and the increased output obtained, has more than repaid 
the cost of installing this preliminary riddle in those cases where 
it has been used. Its only disadvantage is the space it requires, 




is the 
/'fiicient. 

Fig. 120. — Blake-Marsden stone- breaker. / 

‘g up the 

as the less(‘r attention needed at the mill enables the nime it is 
to attend to the riddle and breaker. rlo 

Stone-hreakers are made in a variety of forms, butl ^f otiier 
most 6uita})le for crushing clay lumps is that shown ini 


and made by several firms in this country. It requires ; f^Jate (fig. 
little power and attention, and soon saves its cost of about 

hard material has to ])e ground. , iwor diy or 

As the product need not be crushed very smath^o correct 
no need for the jaws to be set closely, and cqn«eq?D$|jic] by at- 
can be airanged to give a large output if the mak^’t^ a weight 
suited before such a machine is purchased. The raising 
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examined occasionalJy and any wear and tear made good, as the 
machine will waste power if it is out of order. 

A pair of old crushing rolls set 2 in. apart also makes a good 
breaker for materials of medium hardness. 

Mill Feeding Machines . — ^Various an’angements are in succes8> 
ful use for' feeding mills with a dry material, the most advan- 
tageous being (a) belt or trough conveyers fitted at the base of a 
slope or hopper, and provided with some scoop or other appliance 
which shall prevent their being overloaded (fig. 121). (b) Spiral 



Eia. 121. — Hacndlc mill-feeder. 

ers or worms which rotate and carry the clay forward in 
^iQuantities and at a definite speed. A number of worms 
.^Wanged side by side to deliver direct into the mill or 
;tiOnveyer belt; this latter arrangement being used when 
'Jhin the mill -house is too limited to admit the insertion 
^ding worms, (c) A pan (similar to that of the grinding 
Hded with one or more scrapers, and rotated, or with 
’Vase (fig. 122), so that the material is withdrawn at a 
\e which is independent of the manner in which the 
‘Implied. 

these appliances has its advantages and disadvant- 
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ages, and a lengthy experience with eacli is necessary before a 
satisfactory choice can })e made. The author has had but little 
opportunity of working with the last named (c), and of the ma- 
chines in classes (a) and (6) has usually found worm-convey- 
ers to be more accurate and reliable, tliough somewhat slower 
and requiring rather more j>ower. They have the further ad- 
vantage tliat large lumps are not carried forward, though if these 
are of very hard material they may stop the machine or break 
it. If, however, a preliminary crusher is used no danger from 
this source need be anticipated. (Jranted, liowever, that a 



Fia. 122. — Rotary mill- feeder. ^fficieilt. 


brickmaker realizes the , advantages to be derived from si^ 
ing his mills with a constant regular supply of material 
not long be at a loss as to the appliance which is most y 
for his requirements. A ^ 

Grinding Mills . — All grinding mills for use in thi 
plastic process of brickmaking should be provided with at 
pulley, or friction clutch, arranged so that the machine y 
stopped instantly if necessary. They should also be 

run indeiiendently of the rest of the plant, so that if thli 
i. A I 1 .,. -A A A^ - ri be correct 


shortage of clay they may be run at night, or if too m^f. 


^iip correct 
/and by at- 


is being ground they may be stopped and the poV,t \ *7*^ 

Each evening the mill should be run almost empty, ^ 

* ’ I' jftiul raising 
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be cleaned out to prevent iron bolts, etc., reinaininp: in tlie 
pan. 

Usually mills of the over-driven type (fig. 12»‘3) are to be pre- 
ferred, the machinery feeing more accessible and less liable to 
be clogged with dust, tliough the under-driven type (fig. 124) 
should t)e used in cases where unusually light runners may be 
employed ; this is seldom the case. Mills of the edge-runner 



Fkk 1‘2S. — Over-driven grinding mill. 

nth revolving perforated pans, are most suital)le for this 
^f brickmaking, though those with a fixed bed are much 
' The perforations should not be too large or the screens 
'^overworked and power lost in rogrinding, nor should they 
.nail or the output will be too low. 
vally speaking, the perforationB>(figs. 125 and UJ3) should 
s than J in. nor more than 4 in. diameter, the latter 
I’arge for most clays, J in. or J in. diameter being the 
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Tbest size. Slots are somewhat less satisfactory than circular 
perforations, as the product is coarser and more irregular. 

The arrangement of the perforations on the pan is a matter 
which has received very careful study, particularly on the Con- 
tinent, wheri* it is generally considered that the runners should 



Fio. 124. — Under-driven grinding mill. 


not ]>ass over tlie ptTforations, but that these should ))e at either 
side of the runner path. An excellent arrangement is for the 
materisil to pass under one of tht‘- runners, then over a perforated 
])ortion of the pan, under the second runner and over another 
])erforated portion, any uncrushed material being then pasaif‘1^ 
under tlie first runner again for further reduction. f 

is the 
^afliciont, 
oil the 
nj) the 
,nie it is 
do not 
other 

Fia. 125.— Slotted perforations in grinding pan. < date (fig 

Where the T)erforated portions of the pan are nwif'®<^^^id)Out 
manganese steel they may occupy the runner path, and 
though coarser output obtained. For fine giinding the correct 
must be on a solid part of the pan whilst it is being ^^t- 

Thei)an generally used is 9 ft. or 11 ft. diameter, sm^^^ ^ weight 

iRnd raising 
/ / until the 




186 


MODERN BRICKMAKINCt 


being iindeBirablo. It should revolve at leastithirty times per min- 
ute, but must not travel so fast as to throw u]> much dust, though 
this may be retained by judicious damping. The pan is rotated 
by means of a pinion and crown wheel operating on a vertical 
shaft which carries the ])an, the rollers being independently 
carried on the side frames of the mill. The lower end of the 
vertical shaft terminates in a footstep bearing, the construction 
of which and its maintanance in good order are very important. 

It should be of bronze metal and work as nearly frictionless 
as possilde. This is best effected l>y running it submerged in 
an oil -reservoir, so that it does not heat or wear under the most 
exacting conditions. The oil -reservoir should be fed tlirough a 
pipe connexion locat(‘-d at the outer edge of tiu* pan. A largt*. 
■baseplate underneath tlu' step should be ]>rovkh‘d to facilitate 
adjustment in all directions. It sTiould scarcely be i\ocessary 
to point out that tbe whole of tin* mill should )>e strongly con- 
structed, as it is subject to sudden and sev(‘re shocks in use. 
When of large diameter, several loose-running wheels (some- 
times called an fi- friction su])ports) may be placed undenieatlj the 
pan so as to restrain the vibrations when unusually largi* ]>ieces 
enter the mill, ('an^ should, however, be. taken thai tliese loose 
wheels do not become (dogged with dust, or tb(‘y uia,y increase' 
the amount of powt^r r(M|uired to drive tbe mill. 

The edge runnt'rs or rollers may be all in one ])iec.(' (tig. 126) 
as shown, or they may be provided with renewable wearing 
■h^ps or runs, caulked on with cement or wedged on with 
^)den slips (fig. 126). This latter iindhod is preft'rablo as it 
i^bles a renewal of the rims to b(‘. iHuidily effected, 
iyiien the pan is empty, the runners should not rest on the 
ying plate, })ut should be suspended by powiTful springs in 
a manner that when tlie material is fed into the pan tlie 
•yjoight of the runners comes on to it, becausi' the springs are 
^ted from following the runners. Should some hard metal 
^tally get into the pan the spring buffers will prevent tlie 
from seriously damaging the pan in bumping over it. 
e runners must bo kept flat on the “ tread ” or they will 
find properly. They should be very heavy (from 2 to tons 
:the general tendency being to use those which are rather 
'<nd the whole machine should not (for the 9 ft. size) weigh 
3 tons. It will then need 25 to 60 b.h.p. to drive it under 
\onditions. 

{unner should be mounted on a separate shaft, the two 
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being bolted together at the centre in such a manner that they 
are able to rise and fall, preferably indei)endently of each other. 

Most mills would be improved by greatly lengthening the 
hubs of the runners. If these are too short the runners soon 
lose their uprightness. 

The scrapers used to direct the material under tlie runners 
require occasional adjustment. They must have their lower 
edges parallel to the pan hut not quite touching it. 



^^i^wiro 
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Fig. 126. — Mill with Bolid edge runners. , f 

The material which hS,s passed through the perforation 
the pan may bo received on a base plate or in what is terme.qy^t^i 
‘'open base,” the latter being x^referable when there is suffice of a bout 
Bpace available. fordiyor 

In the ordinary pattern of inillB (with a base plate) the u^e correct 
side of the revolving can is provided with one or more 8C^^Inl by at- 
(fig. 123) which collect the clay as it falls on the base plal^ a weight 
shown) and push it over or through an opening in the lattRj,d raising 
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•then falls into a. “well” from which it is raised by a bucket 
elevator. These scrapers, of course, wear away in time, and so 
xequiro regular attention to keep them in proper adjustment. 

In the “ open })ase ” pattern of mill (fig. 127) scrapers are not 



Fi(i. 127. — Open base grinding mill. 


tSBary, and so the friction of the mill is reduced nearly 50 per 
,1 ^ This means a very important saving in the power necessary 
living it. In such a mill the material which has passed 
the perforations falls on the inclined face of the founda- 
if the pit and so passes easily to the elevator. 
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Mills of both types are supplied by the principal makers of 
brick machinery, but James Buchanan & Sons, Liverpool, also’ 
supply a pan with conical runners (fig. 128), which they claim 



**-wire 

is the 
'efficient, 
on the 
te up the 
■time it ig 
tio not 
. >f other 

Fio. 128. — Grinding mill with oouical runners. 

gives a greater efficiency and larger output than the cyiindj‘fj^^^/^^' 
runners. , 

In America, it is not unusual to see t\^o pans geared cor^^^ 
and working side by side, one receiving the “ residue ®^nind I • t 
ings ” from the screen and the other the clay from the 
but both delivering into the same well. This airangeUj^jjj raising 
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very useful when liard material is present in the clay, and is now 
used in this country by several fire-clay and shale grinders. 
Several Swiss and Gorman firms favour the use of grinding 

mills fitted one 
above the other 
(Buhler’s patent, fig. 
129), but in this 
country their use is 
restricted to a few 
firms with unusual 
facilities for de- 
livering the clay at 
a higb level. Usu- 
ally the pans in 
Britain work guite 
inde])('ndently of 
each other, a STiffi- 
eient number being 
used to secure the 
desired output. 
This arrangement is 
advantageous when 
>h(* output of the 
works varies greatly, 

w, :- but for a large and 

steady output it is 
Fig. 121). Bahler’s two-stage mill. more economical in 

b)wer to let a rough mill do the first crushing and, after the 
kterial from this has lieen screened, to pass the coarse residue 
.a B^nd or even to a third mill. 

s^^'he use of three rolls in one piece, with a pan arranged iji 
';ej as shown in fig. IdO, is sometimes found valuable. Machines 
|this type have been much used on the Continent, and were in- 
Iduoed into this coimtry in 1907 by John Whitehead (fe Co., Ltd. 
I far they have not become ])opular, though their advantages 
^Vundoubted where a material needs a large amount of crush- 
'd; nd mixing. In the machine shown, the material is fed in 
centre, is crushed by the smallest pair of rolls, passes 
'1 to the next step and is treated by the second pair of rolls, 
'^fcer falling to the lowest step it is treated by the third pair 
5, and finally discharged from the machine. Such an ap- 
I is more compact than those of the type shown in fig. 129, 
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but is intended for similar materials. For most brick-clays 
they are not necessary. 

Elevating.— For elevating the ground material from the 
grinding mill to the screen, an elevator may be used, having 
buckets or pockets fastened on to a belt (fig. 131), or to chains. 
The belt elevator is the most used, and has the advantage over 
the chain elevator that it can travel at nearly any angle, and 
the contents cannot fall out ; but the chain elevator can only go 
almost vertical, because there is nothing between the two chains 



Arrangcmrnt of Runners in Patent Multiple Edge Runner Mill. 



to^stop the clay from falling out, though some chain 
are made to swing from the chain so that when going hori.^v 
tally or at an angle the buckets keep the right way up an^^ 
not spill their contents. The elevator must be run at a ‘ 
suitable to the screen used. 

The buckets on elevators are generally iron oblong boy^^ 
arc fastened to tlic belts by two or three rivets (fig. 132). ** ’’ 
buckets should be shallow, so as to spread the clay on th^^ 
Deep ones are less efficient for this purpose. f pro- 

Numerous small buckets are preferable to fewer l^^j^ 
as they give a more regular feed. 



192 


MODERN BRICKMAKING 



[ B«it Elevator. 


Screens, Sieves, or Biddles are 
used for separating the coarse and 
finer particles of material from 
each other, the former being re- 
turned to the mill for further 
treatment. 

Two chief forms of screens are 
in use at present : (a) the station- 
ary sloping screen ; (b) the revolv- 
ing screen. 

Stationary screens consist, usu- 
ally, of a sloping tray 4 ft. to 6 ft. 
in length, and 18 in. or more in 
width, the tray itself being made 
of wire gauze, perforated sheet 
nu^tal, or of a number of whes 



Fio. 132.-— Bucket for raising 
crushed clay. 

arranged side i)y side (piano-wire 
screen). 

The wire -gauze screen is the 
oldest, but is seldom very efficiont, 
as many particles lodge on the 
cross wires and soon clog up the 
sieve. At the same time it is 
used by many firms who do not 
know the advantages of other 
forms of screen. 

The perforated steel plate (fig. 
133), if arranged at an angle of about 
45 degrees, is admirable for dry or 
almost dry materials. The correct 
angle can readily be found by at- 
taching a rope carrying a weight 
to the top of- the scr^^en and raising 
or lowering the screen until the 
distance from the bottom of the 
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screen (a) (fig. 134) is equal to the height of it (b). The perfora- 
tions in it may be much larger than the size of the particles to 
be separated, so that the wear and tear is very slight, and in 
most cases no “ rapping ’’ or vibration is necessary. 

The author has repeatedly found that with dry clay a screen 
with perforations J in. diameter will act precisely the same as a 
revolving screen having 20 holes per linear inch. The mathe- 
matical reason for this curious behaviour need not be given 
here ; it is interesting, however, and suggests why some brick- 
makers have failed to appreciate this type of riddle — they have 
used too fine a screen. 

The screen should be fixed at the lower end but hung at the 
upper one with chains so that its angle may be adjusted to suit 
the clay. The sides of the screen should 'be about 9 in. in height, 



Fia. 133. — Perforated 
steel plate. 



and a canvas or sheet-metal cover should be used to prevent 
loss of dust. The upper part of the screen should have a plain 
metal plate (called the feed plate ”), attached so that the material 
may spread itself over this before travelling down the screen. 
If necessary one or more ^‘guides,” or bafile plates, may be 
placed above this plate to secure the proper distribution of the 
material. If much dust is produced the screen should be en- 
closed in a light wooden casing, or should deliver the clay into 
a special chamber. 

When more difficult material is being treated a modification 
of this screen — “ The Newaygo ” — supplied by T. C. Fawcett, Ltd., 
may be employed (fig, 135). 

This consists of a large sheet of perforated metal, the size of 
the perforations depending on the fineness of the required pro- 
duct. This sheet or screen is mounted a frame which is 
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hung by chains at a suitable angle, and in such a way that the 
screen may be kept vibrating ])y the blows of a series of hammers 
acting on “ anvils ” on the framework and screen supports. The 
clay is fed into a trough which runs along the top of the frame 
and in which runs a spiral conveyer, so arranged that the clay is 
discharged over a ‘^weir ” in a perfectly regular stream over the 
whole width of the screen. 

It will thus be seen that in this an-angement the advantages 
of the perforated sheet are fully recognized, and where baffle 
plates cannot be arranged satisfactorily tlie use of a special 
trough, spiral and “w('ir,” will be found advantageous in the 
securing of a regular and even feed of clay. Indeed, sucli an 
appliance is usually superior to any arrangement of baffles, 
and the amount of needed to drive it is too small to lx; 

worth con si d erati on . 
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Firt. 1.'35. — Fawcett’s “ Newaygo ” screen. 

As in other stationary screens, the fine material falls through 
the sieve into a hopper or on to a. receiving floor, and the coarse 
material runs down the screen into a chute and is returned to 
the mill. 

Piano-wire screens are made by arranging a number of wires 
parallel to each other, and fastening them with a stretching key 
in a manner identical with that used in pianos. This screen 
was invented by Adam Adams, and the ones of his design, 
Bui)plied by Whittaker & Co., Ltd., consist of a strong frame 
over which the wires are stretched and tensioned at one end 
with screw pegs. The pitch of the wires, which determines 
the mesh, can be varied by the insertion of fresh pitching-bars 
which are detachable from the frame, and the adjustment of 
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the wires is thus readily made. As ordinarily used, the wirt's 
supplied for those screens are too thin, and eonse(piently hard 
pieces of shale are apt to cause them to open. By usin^ thicker 
wires this objection may to sonn^ extent he a\"oided, thouj^h 
these screens are never regally suitahle for clays containinjjj hard, 
thin pieces of shale or rock-clay, For other clays, when not 
overloaded, they are j^ood. 

The standard meshes for ])iano-wire screens vary from iS to 2i) 
wires per linear inch. 

As with all otlier riddles, tin' ]>ia.no-wir(' sc^rc'en should ht'. st't 
so that the elevators deliver the elay to a spreading-hoard at tlu' 
top of the screen and not directly on to tin' wires. By usiiif; the 
spreading-board the clay is delivered on to the serec'ii constantly, 
and is spread evenly over tln^ entire siiTfac(^ so that it screens 
more rapidly, 

Bevolvimj Screens were formerly very .]>o])nlar, l)iit have largc'ly 
heen replaced hy the piano-wire or perforated st('(d screens. In 
the rov^olving screens tlu' clay enters at one end, which is eh'vated, 
and causes the clay to gravitate towards the lower I'lid. As the 
screen revolves, the tine material passes throng! i the mesh ol‘ 
tin' screen, whilst the coarser material ]>asst‘s out through llie 
lower (uul and is r(*tunied to the])an for furtlier grinding. 

The screen is usually 4 to 9 feet long-with an avu'vagi' of ahout 
C) ft., and about d ft. in diameh'r. Jt is generally mount('d on a 
timher-frame in simple Ix'arings, and should ])e ])rovid(Ml with’ 
ample oiling devices. The franic jnay he covered with perforated 
steiil plates or with wire-gauze, with any size of opening desired, 
the usual sizt'-s being J in. to in. If the cylinder makes twelvi* 
revolutions per minute this will usually he sutlicient. Perforated 
metal is seldom satisfactory in a revolving screen. The frame 
may be cylindrical (fig. Idfi), or hexagonal, the latter being chea]>t*r 
to repair as it enables the gauze to he nailed to six frames, each 
of which can he taken out when needing repair, and rej)la.ced far 
more rapidly tlnin when a cylindrical sieve recpiires ])at(diing. 

Kevolviiig screens must, usually, he fitted with a “rap]H'r ” to 
shake the material through the holes. This produces a large 
amount of dust, and necessitates the screen })eing boxed in if 
effective results are to )>e obtained. Fixed screens, on the other 
hand, can usually he left uncovered, a mechanical rap]>er l)eing 
seldom necessary. 

When damj) material has to he screened it is often useful to 
have a battery of steam pii)es below the screen. Pig. 1 shows a 
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cro88-8ection of a revolving screen, supplied by C. Wliittalcer & 
Co., Ltd., with this arrangement, and fig. 137 an adaptation of 
it to stationary screens. In each case the steam circulating 
through the iron pipes keeps the sieve warm, and reduces the 
amount of clogging. It is, therefore, especially useful during 
wet weather. 

The screen, of whatever type, must always be fitted in such 
a position that it can readily receive clay from the elevator and 
return any coarse material to the mills. The chief points re- 
quiring attention are that the runs or chutes shall 1)0 as short and 
as steep as possible, but never at a greater angle than 45 degrees, 
i.e. the height should never be more than the distance along the 
level (see I). 193). They should be closed to y)revent loss of dust, 





Fig. 1B6.- Round revolving screen. 

but made bo as to bo readily opened in case of stoppage and also 
for facilitating cleaning or repairs. 

STIFF-PLASTIC BRICKMAKING MACHINES. 

The clay is mixed into a stiff-plastic paste by the addition of 
a little water and treatment in a mixer or pug-mill (p. 103) or 
both, and the clay is then made into a clot which is afterwards 
repressed into a brick. 

Several types of machines are used In the stiff-plastic system 
of brickmaking, but nearly all of them first form a clot and then 
repress it. In the most satisfactory ones, the clot is exactly the 
shape of a brick, so that the repressing merely consolidates it 
but does not in any way alter its shape. A cylindrical clot has 
mechanical advantages in that it can bo rolled from one machine 
to anotheivbut it can only be used for a limited number of clays 
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owing to the necessity of altering its shape so much in the re- 
pressing. 

Each of the machines described has special advantages for 
certain clays ; some of these are obvious, others will be discovered 
from the description, and others again can only be appreciated as 



Fig. 137. — Steam-pipes for use below screen. 


the result of experience. Clays vary so much in composition 
and character that a machine may work splendidly in one district, 
and yet give results inferior to another machine when working 
in a different place. Under such conditions, complete compari- 
sons of the different machines are practically impossible. 

Three distinct classes of clot-making machines are in use : (a) 
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that in vvlii(;h the clot is made in dies contained in a round re- 
volving ta]>le ; (h) that in which the die forms part of the circum- 
rerence of a drum, and (c) that in which sliding dies are used. 
The ])ug-mill may i)e an integral i)art of the machine, or it may 
he se])arate, though the former has the advantage of enabling 
the mill to press the clay directly into the clot dies. The daily 
out]mt of each class of machine is 10,000 to 12,000 bricks. 

The chi(d‘ precautions to b(‘, ol)served in making stitf-plastic 
)»ricks are to ensure tliat. the dryness ami fineness of the clay, 
the amount of pressure, in the ])ug-mill, the consolidation and 
mixing of the clay paste, and in the distri])ution of the pressure 
in the final press, are all sufficient yet not (ixcessive. 

Clay is such a j>eculiar material that, though it can he. made 
into artich's of almost any d(‘sired sha])(', when once a definite 
shape has been given to the plastic mass this shape must not l)e 
altered if it is desirable that the article should redain its full 
strength. On this account the clay, as d(‘livered from the pug- 
mill, must not he made into a clot materially diflerent in shape 
from that of tlie finislied ln*ick. Those hrickmaking machines 
in which the clot is of a different shai)e to the finished brick are, 
from this point of view, less satisfactory than others, though in 
the case of macdiines c.onstructed ]>y the best known makers, a 
slight difference in shape is found to he of little or no cojisequence. 
Hence the (irgunient as to the necessity of retaining the shape 
of the finished clot must not he (tarried so far as to militate 
against the use, for example, of the Fawcett duph^x machine, or 
Buchanan’s and Johnson’s Jiiachines, in which a clot with a 
slightly rounded top is ])roduced, though it is cpiite legitimate 
for the makers of other machines to claim superiority in this 
respect. 

In judging the value of brick-machines a small point like this 
is, however, only one out of many which have to he taken into 
consideration. 

It is important that the clay should he delivered with suf- 
ficient rapidity from the pug-mill to the clot-mould to fill it com- 
pletely and suddenly ; if it is filled hi stages, as is always the 
case when filled slowly, laminated portions or layers will be pro- 
duced, and the bricks will he weaker than they should he. The 
necessary speed of travel can always be given, when not other- 
wise obtainable, by the addition of a short length of worm to the 
end of the pug-mill shaft. This addition may necessitate the use 
of an exceptionally long pug-mill or mixer. It is also important 
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when UBing a vertical piig-mill, to slacken the speed of its rota- 
tion when not delivering into the mould, as, otlierwists a large 
amount of power is wasted by the pressure of the clay against 
the plate in passing between the apertures forming tlie clot- 
mould. The liners of the clot-mould, and particularly of the 
final press-mould, must bo kept in first-class order and require 
frequent renewal. Any attempt to economize in this direction 
is usually futile, as it results in the production of defec^tive bricks. 
It is usual for tbe liners of the clot-mould to ])e simply chilled, 
but this is a mistake from the brickmaker’s point of view. To 
obtain the best results they should })e planed so as to get a i>er- 
fectly even and true surface. 

Lubricatioji must l)e carefully wat(ihod or great loss of i)ower, 
as well as excessive wear and tear, Avill ]^‘sult ; on tbe other hand 
too much oil or grease is a nuisance, and is more of a hindrance 
than a help. In some ]>resses, arrangements art^ made for the 
insertion ol automatic lubricators, ami these, when properly made 
and adjusted, are more economical than wlien oil is a])plied by 
hand. The drop])ing of oil direct on to the l>rick or inside the 
die sliould be avoided ; a ])iec.e of felt or some otlier ahsorl^ent 
material of a similar nature will ai)])ly the lul)ricant in as even 
a manner as possible. 

When the clay sticks in tlie ])ress-box, the common idea, that 
more oil is necessary should not l>e acce])ted until it is found 
that the fault is not due to inc.orrect stiffness of the clay or to 
the irregular working of tlie machine. 

Most of the failures in the working of the stifi-plastic system 
are due to the attempts to shorten the process of manufacture 
by omitting weathering, tempering, or pugging and drying. Most 
clays are of such a nature that unless they are treated in one or 
more of these stages they cannot be made into good I tricks or 
tiles. It is difficult to say which of these stages is most impor- 
tant, for they are all equally necessary in ccrtaiji cases, and the 
omission of, or part omission of, any one of them may prove vital 
to success. 

When a clay is stored in a soft, plastic condition the distribu- 
tion of the water throughout the mass will become even in course 
of time, but in a stiff-plastic mass this distribution is less easily 
effected; and when, as in most cases, no storage of the mass is 
attempted, there is a strong tendency for the faults due to ir- 
regularities in mixing and composition to show themselves in 
the finished articles. In consequence of all the widely different 
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characteristics of various clays, it follows that no particular 
brickmaking machine can be equally well used for all of them. 

The selection of the best machine for a X)articular clay should, 
therefore, be made with the aid of competent and disinterested 
advice, based on experience with and knowledge of the clay, of 
various machines, and of certain special tests which must be 
carried out. In the purchasing of brickmaking machines, tho 
actual cost price is a matter of much smaller importance than 
is generally supposed, as it will pay the brickmaker far better 
to spend a few more pounds in obtaining a machine which is 
suitable in every way to his needs rather than to purchase 
another machine, on the recommendation of the makers or that 
of a neighbouring brickmaker, without any tests being made ; 
especially if he find that the few pounds lie saved in the 
first cost have been spent many times over in lower output, 
more frequent stoppages, or greater repairs than would have 
been the case had the other machine been used. The following 
example will illustrate this more clearly : — 

In a certain part of the Midlands are three brickyards, A. B. 
and C., within close proximity to each other. A. has a strong 
and somewhat sticky, but otherwise good, clay overlying a con- 
siderable bed of Band, and finds that the machinery best adapted 
to his needs is that made by D. B. has a drift clay, different 
from the clay's used by his neighbours. 

C., on the other hand, has a clay that cannot be used without 
much admixture, being more of a loamy character, and finds the 
machinery supplied by E. quite suitable. Some years ago B. 
bought a plant similar to that used by A., but finding it not al- 
together satisfactory, and having to extend his works, he installed 
a plant similar to C. and discarded the older one. Having had 
to extend his works still further, B. has now gone into the question 
more carefully, and with the aid of skilled advice has considered 
the whole question in a much more thoroughly technical manner 
than was previously the case. A careful study of the outputs of 
the machines supplied by D. and E. (similar to those used by A. 
and C. respectively) convinced B. that as far as his works were 
concerned he was not getting as much as he should do from the 
power expended. Attempts from the makers of the machinery 
to improve matters not proving satisfactory, B., following the 
suggestions of his independent expert adviser, now employs the 
brickmaking machine by E., in combination with the grinding 
plant supplied some time previously by D. The result is that 
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with the altered machinery B.’b plant is now turning out 15 
per cent more bricks per day than formerly, and these are stronger 
and sounder, as well as of. a better colour. 

As all the machinery in the three cases quoted was of the 
stiff-plastic type, and by first-class makers, the difference in 
working can only be explained by differences in the clays worked, 
and an examination of these showed that whilst A.’s clay is very 
strong, C.’s clay is very mild, and that used by B. is a boulder-clay 
and consequently requires treatment quite different from the 
other two, although it will make bricks of a medium quality 
when treated by the methods used by A. and C. Elated by his 
success, B. soon informed his neighbours of the advantage ho had 
gained, and A., having sufficient capital, decided to put in an E. 
machine. The makers warned him thatdt was not suitable, and 
suggested the use of another type of machine of their make, but 
A. was so convinced by the results produced by B. that, assuming 
all the responsibility, he installed the machine. The rtwlt was 
a failure, because A.’s clay required such vigorous treatment that 
it could not be worked up properly in the E. machine. In due 
course C. followed B.’s example, and, though not so satisfactory 
as B., still made better goods than formerly, by a combination of 
machinery from different firms. Yet, inspired by the success 
of B., A. and C, cannot understand their own failures and do not 
attribute them to the true cause, but to the machinery makers. 
The lesson to be learned from these three cases is that owing to 
the different character of the clays in the same district, it is not 
wise to argue that a machine made by one firm is necessarily 
suitable, because it is used by a neighbouring brickmaker. 

A good machine of the revolving-table type is shown in fig. 1 38 
and made by Bradley & Craven, Ltd., who claim to have originated 
this process. It comprises a mixer, a short vertical pug-mill, 
a circular rotary moulding«table, and an eccentric-motion press. 
In operation, the clay is carried forward through the 
mixer (which owing to its position behind the pug-mill is not 
visible in the illustration) to the pug-mill, from whence, one at 
a time, each of the sixteen moulds in the rotary table receives a 
charge of clay. The table remains momentarily stationary while 
a mould is directly under the operation of the pug-mill, a pugged 
brick is, during that time, lifted out of another mould on the 
table and delivered to the press by self-acting gear ; this delivery 
motion to the press pushing forward, for removal by the attendant, 
a finished brick. The only manual labour required in the forma- 
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tion of tli(* })ricks is for supplying? the crude, freshly dug clay 
either direct to tlie mixer (when its nature permits of this being 
done) or, wh(;repr(^vioiiH preparation is necessary, to either rollers 
or to an edge-runner mill (its variety determining the alternative 
method of treatimuit). The prepared material being fed into the 
mixer by self-acting mechanism, one young lad is all that is 



Fio. 138. — Htiff-plastic brick maohiDe with clot-moulds on rotary table. 

needeil to attend to the mixer, and another to remove the 
finished bricks from the ])ress to the brick-trucks or barrows. 

The machine is ca]>alde of producing 10,000 to 12,000 bricks 
per day of ten hours, without the aid of any skilled labour, and 
the bricks are usually hard enough to go direct to the kiln. 

The value of the bricks made by machines of this type 
depends upon the completeness with which the mould in the 
rotary table is filled. If this filling is imperfect the brick will ' 
bo of little worth, as the edges or corners will be of a different 
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density and hardness to the rest of the hrick, and the clot will 
often show a crack along its bottom edge (fig. U19 a). 

Defective filling of the mould is usually due to the employ- 
ment of too short a pug-mill, or to the absence of a sutticient 
length of screw or worm on the pug-mill shaft. By increasing 
the size of this worm any desired compression of the clay wfithin 
the mould may he reached, and a completely filled die assuied. 
With some clays the addition of an end piece of the shape shown 
in fig. 140 (designed l)y Gilbert T. Smith) is sullicient to effect 
the change shown in fig. 1B9. 

Coring and cracking may often he ])revented by the us(' of a 
device shown in fig. 141 made by Wootton, Bros., Ltd. 



A. B. 

Fig. 139. — Clots made with (A) and without (B) end-piece shown in tig. 140. 


Hutcliffe, Speakman, & Co., Ltd. (fig. 142), claim to have over- 
come the principal cause of cracks and badly filled moulds, by 
arranging the plung(*r in the clot-moulder to give a resistance 
to the exit of the clay from the pug-mill into the mould, thus 
keeping the clay column solid, and preventing it curling up or 
breaking as it tends to do when delivered into an ein])ty mould. 

Power is also saved by automatically driving the pug-mill 
slower when no mould is being filled. 

M'illiam Johnson & Sons (Leeds), Ltd., make a stiff-plastic 
machine of the revolving drum-ty])e which comprises a mixer, 
pug-mill, and a six-mould cylinder, as preliminary moulder and 
a press. 
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The mixer and the pug-mill are situated on the same level, 
and the functions of mixing and pugging are performed by an ■ 
arrangement of ' knives fixed on one shaft. The material is de- 
livered first to the mixer and carried forward by the knives to 



Fig. 140.— End piece for mould filler. 


the pug-mill, from whence it is fed into one of the moulds placed 
at equal distances in a revolving cylinder, about 18 in. diameter. 
This cylinder remains stationary while the mould is being filled. 
The action of filling the mould automatically discharges a brick 



Fig. 141. — Prioe’s patent core preventer. 

previously formed from the other end of the drura. As the brick 
issues from the cylinder it. is fed by a self-acting arrangement 
right into the mould of the press. The pressed brick is then 
automatically raised out of the press, and is ready to be carried 
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hopper of the uuieliino and is pugj^e-d and carried forward by 
the pug-niill, from wlience it is compressed into one of four 
box-moulds, placed at riglit angles to one another in a revolving 
cylinder. Tliis cylinder is stationary whilst being charged, and 
tile action of filling the mould automatically discharges the 
brick previously formed. The brick, on issuing from the cylinder, 
is passed forward by a self-acting arrangement into the mould of 
the toggle ])ress, and after ])eing subjected to two powerful dis- 



Fio,' 144. — Stiff-plastic brick machine with open clot-moulds. 


tiiiet presses, is automatically delivered on to a table ready to be 
placed on the barrow or trough and taken direct to the dryer or 
kiln. 

A machine of similar type, hut in which the drum is open — 
the clots ])tung moulded in what are practically spaces between 
the cogs of a large wheel — is shown in fig. 144. The advantages 
of this arrangement are the reduced number of wearing parts of 
the mould and the simpler manner in which the moulding drum 
c-an be constructed. In this machine, as made by T. C. Fawcett, 
Ltd., the clay falls down a chute from the screens into a mixer,. 
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where a little water is added, and thence into a png-mill. 
After being well pugged it is thrust into a mould in the cog 
wheel At the same time as one mould is tilled, the clot in 
another is pushed out automatically, and sent under a press 
where it receives its pro]>er shape. 

The press is fitted with a hydraulic balance which absolutely 
prevents l)reakages. The amount of driving ])ower required by 
this machine is remarkably low (about G b.li.p.), and the bricks 
produced under normal conditions are of excellent finish and 
shape, with clean, sharp edges and of great hardness. This 
machine has in fact been in use for some time for the manu- 



Fig. 145. — “ New Era ” brick machine. 

facture of the highest grades of bricks made l)y tlie still-plastic 
process. 

Brickmaking rnacbincs of the ‘‘sliding-die” ty])e are well re- 
presented by tig. 142, showing the machine made by Sutcliffe, 
Speakman, Ac Co., Ltd., and by the “ New Era ” machine (fig. 145). 

In the machine shown in fig. 142, the chief features are the 
reduced speed of the pug-mill when not delivering clay into a 
mould, and the rising of the bottom plunger of the mould in 
order to create a resistance to the entering clay, and thereby 
prevent the cracks which are so often noticed in machines 
where no such resistance occurs. The special construction of the 
moulds on the “ economic ” principle {p. 152) facilitates relining. 

The “New Era ” machine (fig. 145), made by C. Whittaker and 
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Co., Ltd., is the most recent of stiff-plastic machines. In it the 
prepared material is fed into a hopper and is discharged into a 
vertical pug-mill. This pugs the clay and forces it into a clot- 
forming mould below. There are two of these moulds formed in 
a sliding block, which brings each mould alternately under the pug. 
As they are alternately filled, so are they alternately discharged. 
There are two presses, and the bricks are fed into first one and 
then the other, one press only being in operation at a time. The 
makers state that the power used for the two presses is no more 
than a machine having a single press, but the time of pressing is 
greater than when a single press is used. The lu])rication of the 



Fig. 14 ( 5 .— Arrangement of plant in Btiff-plastic proceBs. 


moulds and sliding parts is provided by a siniy)le oil spray, 
obtained by’ an air blast from a pressure blower. 

The advantage of sliding-die machines is that the clot has 
a flat top instead of being slightly curved as in drum ma- 
chines, and the power required to drive them is rather lower 
than in machines having a rotary table. 

A convenient arrangement of the plant for the stiff-plastic 
I)rocess is shown in fig. 146, in which (1) represents the grinding 
pan, (2) the elevators, and (3) the brickmaking machine ; in 
this instance a Fawcett plant (fig. 144) being shown. 

Bepressmg . — The ordinary product of a stiff-plastic machine 
can by a little selection be divided into a small proportion of 
facing bricks and a large proportion of common ones, but when 
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large quantities of facing bricks are required these should be 
made by repressing ordinary stiff-plastic bricks immediately they 
.come from the machine, and drying them more carefully than 
the others so as to secure every possible advantage of form and 
colour, as well-coloured bricks cannot be produced from undried 
bricks without an excessive amount of trouble. Bricks may 
be repressed in any of the machines described as represses on 
pages 139-153, but the ones employing toggle-levers are in many 
ways the ones most satisfactory for this purpose in connexion 
with stiff-plastic bricks. Unlike plastic bricks, those made by 



Fig. 147.— Conveyer belt for carrying bricks to repress or barrow. 


the stiff-plastic system do not need to be dried previous to re- 
pressing, but may be taken direct from the brickmaking machine 
to the repress. It is, therefore, most convenient to arrange the 
repress quite close to the brickmaking machine, so that when 
repressed bricks are required they may be taken automatically 
from one press to the other, a boy being all that is needed to 
place them in the box of the repress. In most cases the repress 
is supplied by the makers of the brick machine and is attached 
to it. The bricks are then automatically fed into the mould 
and delivered on to the table ready for removal to the drying 
shed or kiln. A slide, or better still a conveyer-belt (fig. 147), of 
sufficient length serves as an excellent bed for holding or con- 

14 
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veying tlif> l)rickg from one machine to another when there is 
much room Ix^twcen tliem, thoufijh usually the repress may be 
placed close to the inachine, and a hoy standing between them 
lifts the }>rick from the table of the latter and places it in the 
box of the re])ress. 

The precautions necessary to be observed in repressing bricks 
are practic.ally the same as those necessary in pressing a brick 
made from a clot by the stiff-])la8tic process (p. 198). 

Carrying Off. — Stiff-idastic bricks are usmally carried to the 
<lryer or kiln on l)aiTows of a pattern similar to the “crowding 
barrows ” used for hand-made bricks (figs. 148-149), or on cars 
if tunnel-dryers are used. 



Fm. 148. — “Crowding” barrow. 


It is im]>ortaiit, in selecting a barrow, to have one in which 
tJie relative positioji of the handles, wheel, and load are correct, 
as, otherwise, the work involved in their use is greatly increased. 
To some extent the height of a man influences these factors, and 
(jonsequently when men do not adhe^re to their own barrows, no 
great diflerence*. in the height of the wheelers should be per- 
mitted. A few trials with a loaded barrow will soon show the 
correct measurements for a particular man. To secure ease in 
use, the load should be carried by the wheel of the barrow as far 
as possible ; in a badly constructed barrow, or in one which does 
not fit the wheeler, too much of the load is on the hands of the 
man between the shafts. To aid the men and increase the speed 
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at which they work, the track between the machine or dryer and 
the kiln should have an iron etri^) laid for the barrow wheel to run 
on, and the whole track should ]>e kept in good condition for the 
men to run on. If muddy and sticky the men cannot travel so 
last. The wheelers sliould be encouraged to run with the loaded 
ban-ows; it is easier for them, and more remunerative to their 
employer. Care should also be taken that each ])arrow infilled, 



Fill, 141). — Harrow with reinforced frame. 

iif< some moil oan-y too few brickn at a tiino. A Fawcett “ counter ” 
will prevent tliis. It consists of a recorder fixed to a convenient 
wall or post and Connected by a chain running in a pipe to a 
balance box, containing a system ot balanced levers and placed 
with its lid level with the ground forming a wheeling ])lato, one 
end of which is binged and i\w, oi)posite ejid connected to the 
levers, which are l)alanced to the weight of a barrow or wagon 
of ])ricks. The wagon or hanow containing the required num- 
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ber of bricks is wheeled over the lid of the balance box, causing 
the chain to operate the recorder, and punch a hole in the 
record disc. The lid then returns to its original position and 
moves the record disc round a certain distance ready for the 
next punching, when the operation is repeated. When a full 
ring of holes has been punched, the punch automatically moves 
a certain distance towards the centre ready for the next ring. 
A full disc is sufficient for 29,000 bricks, counting fifty on a 
barrow. The number of bricks made may be seen at a glance 



Fig. 150. — Counter made by Thos. C. Fawcett, Ltd. 


at, any part of the day. It is ini])Ossible for any unauthorized 
person to interfere with the working parts without the tamper- 
ing being detected, and it thus forms a positive method of 
counting the bricks. 

Barrows are convenient, but t!ie carrying off is facilitated, 
where there is sufficient room, by employing a short ))clt running 
horizontally (fig. 147), for taking bricks from the table of the 
press or machine and delivering them several feet away to the 
men with the barrows, or a long belt may sometimes bo used to 
deliver^the bricks direct to the drying sheds or kiln. 
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Instead of a belt, two ropes may be driven parallel to each 
other, and bricks on pallet boards laid across these will then be 
carried forward to their destination. This arrangement is especi- 
ally useful where the bricks are>taken direct from a cutting table. 
The empty boards are placed on the lower part of the rope and 
a permanent scraper throws them off directly they arrive at the 
machine. 

Where the relative position of the machine or dryer and the 
kiln permits, a bolt or conveyer may advantageously be used in 
setting. One pulley or spool is taken inside the portion of the 
kiln to be set and is slung up by means of a chain attached to 
the roof or, tlirough a pot-hole, to a bar above the kiln. The 
other end is in the dryer or making^ shop. In this way the 
bricks are delivered direct to the setters, just as they are required. 
This method is increasing rapidly in popularity in the United 
States, where it is worked under ScotUs patents. 

Another method, also largely used in America, consists in 
setting the bricks out on a special carrier exactly as they are to 
be placed in the kiln. This carrier is then taken by means of 
an overhead ropeway to the kiln, and by a simple motion the 
bricks are set and the empty carrier returned. For large outputs 
with kilns of the “improved clamp” type, tliis arrangement is 
good, as it saves handling, but the author has not found it so 
satisfactory in continuous kilns of the Hoffman type. 

Drying . — According to the amount of moisture in the bricks, 
the size of tho' solid particles, and the kiln in which firing takes 
place, the bricks may be taken to a dryer or direct to the kiln. 
In most instances where a continuous kiln of good type with at 
least sixteen chambers is used, the bricks need not be dried 
separately, but may bo set in the kiln and the drying allowed to 
take place therein. With single kilns, or where continuous 
kilns with few chambers are employed, it is usually necessary to 
dry the bricks before setting them in the kiln. Such drying is 
also necessary where the bricks have a strong tendency to scum, 
and where it is difficult to obtain a good colour. 

• Any of the dryers described in Chapter IV as suitable for 
bricks made by the plastic process may bo used, but as stiff- 
plastic bricks contain less moisture they shrink less, and may, 
therefore, be dried more rapidly. Being stronger on account of 
their stiffness, they are specially adapted for treatment in tunnel- 
dryers of the “direct type,” in* which the bricks and air travel 
in the same direction and are both heated progressively. 
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Failing a suitable tunnel -dryer, they should be stacked about 
eight bricks high in a shed with a heated floor (p. 156). If 
such a shed has partitions or Idiiids, so as to separate it into a 
number of tunnels and to enable the temperature in each section 
to be regulated so as to suit the bricks in it, the drying will be 
better and more economically carried out than where the usual 
“ open shed ” is used. Ventilation must be provided, but draughts 
on the ])ricks avoided. 

A simple and cheap dryer of the intermittent form has been 
patented by W. B. Hughes, and consists of skeleton timber 
framing fixed upon a brick curb with adjustable sides, which, 
when removed, give easy access for taking the }>ricks on tilt' 
ordinary ofi-bearing barrow. As the sections are filled, the 
boards forming tln^ sides are put into position and the dryer 
started working. When the bricks are dry the sidt' boards are 
taken out, giving free access for the barrows. 

The heat is obtained by means of in. cast-iron pipes, to 
which either live or exhaust steam is connected. A fan is used 
for forcing hot air at any desired temjierature up between 
the already heated cast-iron pipes and through the goods to be 
dried. Such a dryer is cheap to construct, requires little atten- 
tion, and is easily built, but has the disadvantage that the bricks 
must be stacked in it instead of being left in the cars as in other 
tunnel-dryers. 

The same principle is used extensively in the United States 
in what is known as the Bechtel dryer. The floor of this dryer 
is in the form of a number of trenches, the walls of which 
are sufficiently wide to allow a special ]>arrovv (fig. 151) to travel 
along them. After the barrow has been wheeled into position 
the handlcs'.are raised, and the pallet-boards containing the bricks 
are deposited across the trench and the empty barrow can then 
be wheeled away. The bricks are set in a series of blades the 
whole length of the dryer, and when one trench is completely 
covered with bricks from end to end tlie^y are covered with 
special burlap coverings (fig. 152), so that as soon as the heated 
air commences to extract the moistiire from the drying bricks, 
instead of it being immediately dissipated into the dryer, this 
hot saturated air is largely retained on the outer surfaces of the 
bricks by means of these coverings, and so long as this state of 
humidity is maintained, the brick dries from the inside outwards, 
the surrounding moisture preventing the hardening of the surfaces 
of the brick and ol)viating “ checking In other words the out- 
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side of the brick dries last. This is an important advantage, 
especially where clays are of a tender nature. A fan is used for 
supplying the hot air to the flues. 

One of the most novel forms of dryer at i)rosent in use is 
that worked under A. Scott’s patents, in connexion with a kiln of 
the horizontal draught or archless continuous type. This system 
is the most radical departure in drying methods yet introduced. 
It boldly does away with not only cars, rails, pallets, and other 
incidental apparatus, l>ut with the dryer itself! 

The system consists of two factors: First a l»elt conveyer to 



Fio. 151, — ^Beohtel barrow. 


take the l)ricks from the machine up to and into the kilns; 
second, tlie drying of the bricks in the kiln after they are set. 
The system is, of courses, specially adapted to the handling of 
“ stiff-plastic ” and “ semi-dry ” bricks. For bricks made by the 
plastic process it is not advantageous. The main conveyer takes 
the place of the ordinary off-])earing belt of the luick machine. It 
receives the i)rick8 from the cutting table and carries them down 
the yard under a shed Ijiiilt along in front of the lino of kilns. 
When the liricks andve on this belt opposite the kiln into which 
they are to be set, they are transfeiTod, liy a man stationed at this 
junction point, to another belt which extends through the kiln. 


-216 


MODEEN BEICKMAKING 



the stiff-plastic pbocess of beickmaking 217 

ThiB work of transferring is accomplished by one man, who can 
handle from 60,000 to 70,000 bricks daily. The cross-conveyer, 
as this second belt is called, carries the bricks into the kiln at 
any height desired to ensure the efficiency of the setting. The 
bricks are generally set from six to eight high. When the en- 
tire kiln floor has been set to this height the cross-conveyer is 
raised to the proper height for the next setting, and the setters 
proceed to another kiln or chamber to continue the operation, 
while these eight courses of brick are being dried. The object 
being to dry these sufficiently for the next twelve hours to sup- 
port the setting of the next eight courses. When these are dried 
tlie next tier is set and that again dried, the operation being 
repeated until the entire kiln is filled and ready for burning. 
The burning is canied on in the usual •manner. It is claimed 
that when the top tier of bricks is dry, the bottom course is as 
hot as the heated air will make it, and the kiln is in a perfect 
condition to start firing without water-smoking. 

The drying of the bricks in the kiln is accomplished chiefly 
by the application of waste heat. It is maintained that the 
saving on fuel and labour costs amounts to about 2s. 6d. per 
1000, duo to the fact that the bricks are drier than those turned 
out from the ordinary dryer, and that the kiln is hot when the 
fires are started, so that the water-smoking cost is reduced to a 
minimum. The method requires considerable adaptation before 
it can be used for most British yards. In the United States, 
where it is chiefly used, large kilns with open tops (“ scove kilns ”) 
are chiefly used for common bricks, and for these this system 
is excellent. 

Kilns. Bricks made by the stiff-plastic process may be fired 
in single or continuous kilns, the latter. having the advantage of 
using less fuel, and at the same time giving bricks of equally 
good colour if properly constructed and managed. 

Of the single kilns, the “down-draught” and “Newcastle” 
types are usually best, but others are used to the satisfaction of 
various brickmakers. 

Where the output is large, a continuous kiln is undoubtedly 
the most suitable, as if properly designed for the purpose it can 
receive the bricks direct from the machine and dispense with a 
dryer. Where only common bricks (with or without a small 
proportion of facings) are to be made, a continuous or semi-con- 
tinuous kiln should be used. Those are described in Chapter 
VIII. 
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The preliminary lieating of bricks made by the stiff-plastic 
process should be effected with special care. If this precaution 
is duly observed, the firing of bricks made in this manner pre- 
sents no difficulties not mot with in other methods of brick- 
making. 



C^HAPTER VI. 

THE SEMI-DRY OR SEMI-PLASTIC PROCESS OF BRICK- 

MAKING. 

In the semi-dry or semi-i)la8tic process the chiy is used in its 
natural condition, no weatherinjj: or other treatment being used 
(except in special cases) to develop the plasticity. Both terms 
“ semi -dry ’’ and “ semi -plastic ” are used for th(‘- same process, 
though the former is better and clearer, as wtdl as less likely 
to be (ionfused with the “ stiff -]>lastic ” j)rocess in which a small 
amount of watt'r is needed. The semi-dry process has the 
advantage of remarkalde che.apness in working, as the bricks 
can l)e sent direct to the kiln, but it is not so popular now as for- 
merly, because of the introduction of the stiff-plastic systtnn, and 
of the great(u* ea.S(*. with which the stifl'-plastic laacks are sold 
to builders. 

Owing to the dryness of the material, th(‘ semi-dry process 
can be used in many instances where other processi^s are not so 
suitable, but the bricks produced from this material are seldom 
so satisfactory as those made from more plastic clays. The 
greater cheapness of [U’oduciiig semi-dry bricks is very much in 
their favour in (*.ertain districts (notal)ly in the, neighl)Ourhoods 
of Peterborough and Accrington) and this process will, therefore, 
hold its own in some localities for a considerabh‘. time to come ; 
indeed, for the special clays found in certain ])arts of Lancashire 
(Accrington), and near Eletton (Peterborough), it is difficult to 
conceive a process by which bricks of saleable cjuality can be 
produced more cheaply than when made by the semi-dry ])rocess. 

The most suitable clays for the semi -dry process are those of 
a lean or open character; highly plastic-clays caimot ])e used, 
and several attempts to employ them have only resulted in 
failure, as they require more thorough treatment tlian is possible 
when they are worked up in a semi -dry state. Tlie ideal c lay for 
thesenii-dry process is one which, when gi’ound, balls together 
wEen^ Tque e zed in the hand vvithout losing its shape when the 
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pressure is^re.nujyed and yet which does not feel sticky or plastic. 
ITmust also contain sufficient flux to hind the particles together 
into good bricks when fired at a reasonable temperature. The 
clay must be free from gross impurities, and if not regular 
in composition, some arrangement must be made for mixing it 
thoroughly, as irregularities in this respect will cause failures 
which it is often difficult to trace to their source. Many shales 
are capable of being efficiently worked by this process. 

The use of semi-dry process machines has been pushed 
vigorously during recent years, but it would be unwise to install 
them on new and untried clays unless precisely similar materi- 
als had been successfully worked by this system, or unless the 
brickmaker is willing to experiment on a very large scale, as 
this is one of the most difficult of brickmaking processes to put 
into satisfactory operation, and the most prominent users of it 
have only attained their success as the result of incessant labour 
of a highly skilled character. 

In the semL-dry or semi-plastic process of l)rickmaking the 
clay is dug from the pit, sent in wagons to a grinding mill of 
the edge-runner type, and the ground material is subjected to 
the action of powerful iiresscs, which form it into bricks. These 
bricks are taken direct to the kiln. 

The following is the arrangement of plant used by the London 
Brick Co., Ltd., of Fletton, Peterborough, one of the largest 
manufacturers of bricks by this process: — 

Early investigations having proved the necessity of mixing 
the different strata (including an oily shale) found in the Fletton 
bed, steam navvies are used to take a scrape right up the whole 
face of clay and ensure a good i)roportion of each stratum. As 
in this district the topmost layer of earth (or “ callow ”) is not 
suitable for treatment, it is removed by a preliminary steam 
navvy and taken along a belt conveyer to a place where it may 
conveniently be deposited. 

The steam navvies used for obtaining clay in this manner 
are of tlie type shown in fig. 153, and are so constructed 
that when the bucket or grab is filkd with clay it is swung 
round, and after opening a door at the back of the bucket, its 
contents are discharged into a wagon. The bucket is provided 
with steel claws which break up the ground, and about 1 cub. yd. 
of material is obtained at each stroke of the machine. With 
such an appliance, and working under favourable conditions, it 
is easily possible to cut up a face of clay and load it into wagons- 
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at a cost of about twopence per cub. yd. As the wagons are filled 
they are hauled by an endless chain to the mills. 

For the most part the grinding is carried out in edge-runner 
mills, though in a few cases disintegrators and stone-breakers' 
have been used, but these do not, on the whole, produce the de- 
sired results. The most suitable mills are those of the revolv- 
ing dry pan type (p. 183), as the material must be reduced to 
a fine powder. 



Fkj. 153.--Hteam navvy (Ruston- Proctor & Co.). 


The ciusbed material is next taken to the screens by spiral 
oonveyers (figs. 154 and 155) which assist in mixing it thoroughly, 
though other forms of conveyers may .be substituted, provided that 
a special dry mixer is included at a later stage. 

The screens used by the London Brick Co. are of the 
‘‘piano-wire” type (p. 194), this having been invented by 
their manager, Mr. A. Adams ; but some other firms have found 
perforated steel plates to be more efficient. This is clearly a 
matter for each brickmaker to decide for himself, as so much 
depends on the nature of the material used. Tlie objection to 
j)iano-wire screens as ordinarily supplied is that the larger por-. 
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tions of material are apt to lodge between the wires, parting 
them and making the screens inefFective. This may be over- 
come by using two screens, providing the material is not too 
lamellar in structure. 

The material which passes through the screens is received in 
a hopper or on to a. floor, from whence it passes down a chute to 
the machines ; but the material which is too large to pass the 
screen is sent down another chute to the grinding mill for further 
treatment. 

The screened dust must possess sufficient dampness before it 



Bid. 354. — spiral conveyer. 

is allowed to pass into the brickmaking machine. It should be 
able to 1)0 pressed by the hand into a ball ; if too dry it will not 
hold together, and will necessitate the addition of water to the 
clay in the grinding mill or mixer, in some cases enough water 
may be present in the clay, though very unevenly distributed, 
so that some parts are dry and will not hold together, the mate- 
rial must then be passed through extra mixing machinery. 

In the brickmaking machine, the material is pressed into a 
block and, if desired, repressed and sent to the kiln. The 
London Brick Co., Ltd., have found that four distinct pressures 
are necessary to obtain the best results. 

The presses employed ))y the London Brick Co. are made 
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by C. Whittakfc^r & 
Co., Ltd., illustrated 
in tip;. 156. The 
ground material 
from the mill and 
mixers is fed into 
the hopper of this 
machine, and thence 
by means of a. slid- 
ing box into the first 
mould. The amount 
of material reetdved 
in the mould caii be 
regulated instaiitly. 
so that as the dani])- 
ness of the material 
varies from time to 
time more or less 
clay can be taken 
into the mould. The 
brick, after having 
two prt'ssures i)ut on 
to it, is automati- 
cally fed into tlu' 
second mould and 
there it is prt'ssed 
twice Jiiore ; thus it 
is subjected to Imir 
distinct pressun^s, 
(uudi i)ressure being 
about SO tons. TJiis 
machine has an out- 
put of 5000 to 6000 
bricks per day, and, 
according to the 
makers, recpiires 5 
h.p. to drive it. It 
should be noted that 
in this Tiiachine no 
oil is used to lubri- 
cate the moulds. 



After leaving this machine the bricks are taken straight to 


’’orm of spiral conveyer. 
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the kiln, which, in the case of the London Brick Co., is a con- 
tinuous one of exceptional size and designed in a special man- 
ner rendered necessary by the proportion of oil and other 
combustible matter in the clay used. This kiln (known as 
the “ English ”) is described in Chapter VIII. 



Fig. 156. — Semi-dry process brick machine. 


The London Brick Co. lay much emphasis upon and attribute 
much of their success- to the use of (1) steam navvies which, 
they claim, can secure an admixture of the material which is 
far more thorough than is possible in hand digging ; (2) spiral or 
other mixers to incorporate thoroughly the crushed material; 
<3) pressing each brick four times, and (4) efficient and economi- 
cal burning. 
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It is undoubtedly true that the cracked faces, liability to 
spall, and other defects of many bricks made by the semi -plastic 
process is duo to an insufficient recognition of tlie importance 
of the materia] being thoroughly homogeneous and sufficiently 
pressed. 

Machines for making ])ricks by the semi-dry process are also 
supplied by other firms. The arrangement of plant shown in 
fig. 157 lias been used successfully in several instances ])y Thos. 
C. Fawcett, Ltd. 

In this plant the material is ground in an open liase revolving 
pan mill (p. 188), and taken by a Imckct elevator to a “ Neway- 
ago ’’ (p. 194) or other suitable screen. The finer ])ortions of 
material are then passed througb a double differential mixer 
similar to that shown in fig. 158 whore waiter is added (if neces- 
sary) to bring the material to tbe jiroper consistency. The 
mixture is then delivered to the ])ress shown in fig. 159, wJiicli is 
in many respects similar to tbe Fawcett du]>lex press useil for 
the stiff-plastic process. In this nuicbine tbe dam]) povVder is 
rammed into a clot in of>en-ended moulds forming tbe cogs of 
a siiecial wdieel, and each clot is in turn fed into the ))ox of a 
toggle-lever press where it receives two distinct ]>ressures. This 
produces a brick whi(di is, in most cases, sufficiently dense and 
ready to set directly into the kiln. 

For best facing ))ricks, however, the use of a re])ress (fig. ](>()) 
is desirable, particularly if this has an attachment for regulating 
the thickness of each l)rick. 

Such a plant as this has an o\it])ut of 10,000 Iricks per day 
and requires 20 to 25 b.h.]). to drive it under normal conditions. 

The machine made by lid. Scholefield is identical in principle 
with the Fawcett ]>lant, ])ut differs hi several important details. 
Thus, the moulds have closed instead of open ends, and instead 
of an arm pushing the clot out of the press wheel, or drum, 
in the Scholefield machine it is pushed out by the filling of 
the opposite portion of the drum preparatory to making a new 
clot. This “ Sanspareil ” machine is shown in fig. IGl. 

The efficiency of the machine has recently been enhanced by 
the introduction of an adjustable feed, which, without stopping 
the machine, can be regulated to feed a greater or lesse^r quantity 
of clay into the moulding cylinder, thus preventing an excessive 
escape of clay and consequent loss of driving power and assur- 
ing a full feed. 

The centre and bottom joint of the toggles are of special 
15 
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design in the form of “ kjiuckloB ” dispensing with the usual 
joint (which is formed })y a pin or shaft passing through 
holes bored hi the respective ends of the toggles. These 
“ knuckles,” which are easily adjustable, have extra large wear- 
ing surfaces, are machined to fit the steel cups or sockets, 
bored out to receive them, and are also arranged in such a 
manner that it is equally simple to subject the brick to two 
exactly e(pial pressures, or to a. heavy first jiressure and a second 



Fi(i. 15U. — Semi-dry procesB bricli machine. 


light pressure, or to a light first pressure and a Jieavy second 
pressure, witli one revolution of the crank-shaft. After the first 
pressure has been brought to bear upon the })rick, it is released 
lor a short space, after which the second or final pressure is 
applied, and the brick is automatically discharged from the press 
mould on to the delivery table. The thickness of the repressed 
brick can be regulated accurately by means of a “ folding 
wedge ” adjustable pressure block, without stopping the machine. 

Wm. Johnson & Sons, Ltd., Leeds, have for a number of years 
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manufactured the semi-diy press shown in fig. 162. The 
powdored material is fed into a hopper, which is part of the 



Fi(i. 160. — Bepress for semi-dry bricks. 


machine, underneath which ])a8ses a charger, and in doing so 
becomes filled with ground clay. After this the charger passes 
over the Jiiould, drops the material into the latter, and then 
returns to the hoi>per for a fresh charge of clay. During this 
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time the brick is pressed in the mould by a descending plunger 
and also an ascending one underneath, these being operated by 
a powerful cam and anti -friction roller so that the brick receives 
the pressure simultaneously both from the top and bottom. 
This ensures a uniform pressure over the whole brick. The 
pressure can be varied in a very simple manner by the attendant, 
who also loads the bricks on to a barrow or cars ready for removal 
to the kiln. 

This machine has a daily output of 7000 laicks and, on the 
maker’s statement, needs about 6 h.p. for driving it. 



Fig. 1()1. — “ Sanspareil ” brick machine. 


The Stanley patent semi-dry dust machine is made by the 
Nuneaton Engineering Co., Jjtd., and shown in fig. IfiJh This 
machine is altogether different from the types mentioned above. 
The dust is fed from a reciprocating charger in the usual way, 
but the pressure is applied by means of shaped cams working on 
rollers fitted with cross heads, carrying on their lower sides 
plungers which fit into dies. Pressure is gradually applied and 
during the process is slightly relieved, allowing the escape of air 
and the equal expansion of the clay dust in the die. At the 
finish of the pressing stage the top plungers and dies are forced 
dowii'on to the stationary bottom plungers, regulated to a-greater 
or lesser degree as required. This simple action gives the bottom. 


.a„, »d 
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bricks to tlu* front, {xiving ample time for the attendant to remove 
them. 

The advantage of reeeiviiija: such a second pressure on the 

lower part of the brick is 
very great. Machines 
wliich only give a single 
direct pressure usually 
leave the centre of the 
brick coarse and weak. 
The extra movement of 
the Stanley machine ])re> 
vents this weakness. 

The clay is kept in 
inotion when under pres- 
sure, and th(' (*ontact with 
the sides of the mould 
causes the sides of the 
brick to be thoroughly 
smoothed and free from 
signs of g r a n u 1 a t i 0 n, 
though whether granula- 
Fio. 163.-HtanleypreBB for scmi-dry bricks. jg really removed or 

only covered over is a moot point with some clays. 

In its latest form the machine is fitted with two die l)0xe8 and 
l)lungers so as to make two bricks at once, and with lifting fingers 
which raise the brick and carry it forward to the delivery table, 
where it is ]daced down gently and tin* fingers travel back to re- 
ceive a second brick. This amingement preserves the arrises 
from the damage which is inevitable when the bricks are puslied 
along to the delivery tabh\ 

The machine is also fitted with a special charging appliance 
,Avhich takes the form of a false bottom in the feed box which 
supplies the clay to tlie die. In the ordinary form of feed there 
is an unavoidable tendency to produce bricks with one soft end, 
owing to the manner in which the clay is fed into the die. In 
the new arrangement the false liottom is closed until the box b 
completely over the die, when it opens from the centre outwards, 
fills the die witli the dust, closes and carries the box out of the way 
of the descending jdunger. 

Amongst other machines using cam rollers may be mentioned 
the “ Platt ” machine (figs. 16*4 and 165), Avhich has a falling crosf 
head carrying the piston and gives a Jianimer-like action to the 
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material under pressure, through the head dropping twice in each 
revolution. The first drop displaces the air, which escapes when 
the cross head is raised, and the second drop, followed by the 
enormous pressure of both upper and lower cams, produces a very 
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Fkj. 104. — Platt Bros. & Co., Ltd., press (front view). 


dense ])rick. An air-cyliiider is jdacetl at the upper y)art of tlie 
press to regulate the speed of the falling plungers. 

A press of an entirely different type is the “Eni])eror ” made 
by Sutcliffe, Speakman Co., Ltd. (fig. 166 ). Though primarily 
designed for materials devmid of ]>lasticity, this press is well suited 
for some clays worked in a dry or semi -dry state. 
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It consists of a horizontal, rotating table containing the moulds 



Eio. 165.-~riatt Bros. & Co., Ltd., 
press (side view). 


arranged singly or in pairs, and, 
depending on the size, there are 
from six to, eight pairs of 
moulds. The table is rotated 
in such a manner that whilst 
one pair is receiving the charge 
of material to be pressed, an- 
other is under pressure and a 
third is over the discharge ram. 
The feeding is quite automatic, 
being effected by means of a 
circular pan in which revolves 
a series of stin-ers which pre- 
vent the material choking, and 
ensure a regular and constant 
feed. The quantity of materia] 
fed into the moulds is regulated 
by means of a hand wheed, and, 
as this can be turned whilst the 
machine is in motion, the pres- 
sure can be regulated at will. 
The pressing mechanism is of 
the toggle and knee type, and 
the distribution of the pressure 



Fi«. 166.— “ Emperor ” press. 

ie BO eflfected that massive steel holtg take all the greater strainB 
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of the framework. Ample adjustments are made for taking up 
wear and tear. The moulds are on the “ economic ” principle 
(p. 152) and Me easily relined, as in putting in new liners no fitting 
or adjusting is required. Each set of liners can be reversed, giv- 
ing two wearing faces. 



Fio. 1G7. — Action of “ Emperor” press. 

This press can ho mdde to give a top and liottom equal and 
iimultaneous pressure, or to give a bottom pressure only, or a 

(uadruple pressure, the final pressure being greater than the 
iret. 

A patent expression attachment (fig. 167) operates by giving 
ach brick two pressings, the first squeezes and presses the 
naterial from the centre into the corners and arrises, the final 
resBure finishes the brick. By these means each brick is of even 
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density tliroughoiit, witli fine sharp corners and arrises. In fig 
167 “A ” shows tlie n)ould receiving the first preliminary pressure 
and “ B ” the final pressure. 

When used for hrieknuiking the goods are delivered on the 
table for removal l»y the attendant, and are not pushed from the 
moulds, as in presses of the vertical type, but an automatic 
pusher-off’ can ]>e atta(‘lied to the machine to deliver the bricks 
on to a. travelling band if desired. 

This machine lias a maximum output from 1000 (single type) 
to 2400 (du])lex ty])e) bricks ])er hour. The power re(|uired to 
operate it is from 5 to 12 li.]). It works smoothly and easily, 
and owing to ])owerful s])rings shown m the illustration, it is 
evenly I »ala.nc(Ml. Tliese s})rings are not for relieving the ])ressure, 
but merely to balanct* the ht'avy pressing mechanism and, if 
desired, the nuichiiie can be run without tliem. 

Tlu‘ “ Emperor ” ])ress has deservedly ma.de a great reputation 
for itself for working all kinds and qualities of non-plastic or 
slightly ])lastic material, including ores of all descriptions, arti- 
ficial fuels and sands, iron and steel slags, destructor clinker, 
coral rock, puzzolana, and cenuMit mixtures as well as clay. 

liepreHsing . — As tlu^ solidity of the unfired bricks is chiefly due 
to the pressure to which they have been subject, it is important 
that this should be sufficient, and whilst some firms i)refer to 
press the lu’icks only once, a second pressing should not be 
omitted where the best and strongest bricks are required. As 
aln'ady stat('d, the be^st machines subject the bricks automatically 
to tw^o or more pressings, thereby avoiding the necessity of 
repressing. 

Transport . — In most instances ])ressed bricks are taken on 
crowding barrows (fig. 148), and are wheeled along iron strips to 
the kiln. In a few works they are loaded on to double deck cars 
(p. 171) and taken along rails, turn-taldes, and portable rails 
inside the kiln. 

Kihis . — Any good type of kiln may be used, but as the semi- 
dry method is chiefly used for large oittputs, some form of con- 
tinuous kiln is to be ])referred. Details of these will be found 
in Chapter VIII. 

Difficulties in Workimj. The difficulties met with in working 
clays )>y the semi-dry method are similar to those met with in 
working the stifl’-plastic process, but the weakness caused by 
lamination is much more freqiient ; indeed, it is the great bug- 
bear of the lnak(*r of this kind of brick. 
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Lamination is recognized by the production of thin layers of 
material, easily visible when a brick is broken, which caust^ the 
brick to sj)lit off or spall in certain directions. It is not often 
due to insufficient pressure, but may bo caused by excessive 
pressure if this is applied at the wrong time. 

In many instances the cause of lamination is very obscure, 
but insufficient treatment of the material is a prominent factor, 
especially if the clay is obtained dry and is damped and im- 
perfectly mixed later. This i>roduces portions of material 
in which the plasticity is strongly developed, whilst in otluu’s it 
is scarcely develo])ed at iill, and lamination consequently re- 
sults. One brickniakor of the author’s acquaintance has com- 
pared it to the use of flour in preparing putf-pastry. “ The dough 
is rolled out into thin pieces, and sprinklqji with Hour and then 
rolled again. On placing in the oven, the dry flour causes the 
plastic layers of dough to part from each other, and the la ininatt‘d 
character of puff-pastry is thereby obtained.” 

The manner in which the ]>ressure is ap])litHl is very im- 
portant for, as pointed out by Lovejoy, it is important to remember 
that on any niacliine in which the jdungers ai)proach each other 
and squeeze the clay toward the centre of the mould, the laick 
will show a comj)arative granulation on this centre jdam*, due 
to a. lack of density, (juite Jioticeable even at some distance. “If 
the ])ressure is all from the top, the granulation will l)e at the 
bottom, and its position will depend upon the relative degree of 
motion of the two plungers. This granulation is often attributed 
to included air, and all machine manufacturers provide for its 
escape, either through air holes in the ])lunger plates or by re- 
leasing the pressure before the final pressure is ap])lied. But, 
admitting the efiect of the included air and the desiralulity of 
allowing it to escape, it is not sufficient to account for tlie 
granulated surfaces ol)tained in practice. 

“ Dry or semi-dry clay will not flow under pressure. If a tube 
punctured with holes from top to bottom to allow tlie escape of 
the included air bo filled with dry clay, and ])roBBure be applied 
at the top, a column of clay is obtained decreasing in density 
from top to bottom, due to the friction against the walls of the 
tube and the immobility of the clay. 

“ In a press with roller cam motion the clay is most comj>ressed 
at the top, and least at bottom during the downward stroke, 
with the reverse during the upward stroke. The loosely packed 
clay in the bottom offers little resistance to being forced down- 
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ward in the mould, whilst the densely packed top offers great 
resistance to being forced upward during the upward stroke, to 
the advantage of the bottom of the brick in density. From a 
scientific standpoint it would be absurd to assert that the total 
pressure received by the top of the brick is equal to that re- 
ceived by the bottom, and that each is equal to that at the 
centre of the brick. In practice, however, one notices no dif- 
ference, and the brick is, to all intents and ^purposes, uniform in 
density from top to bottom. 

“The later toggle machines recognize the probability of this 
difference in the top and bottom^ and provide for it by an ar- 
rangement which, iji a measure, reverses the motion at any 
point in the stroke. The claim has been made that the motion 
of the brick under pressure in the mould does not remove the 
granulated centres but siiiqdy glosses them over, and this claim 
is reasonable, since tluveentres are-only removed through friction 
against the sides of the mould. In practice it is dillicult to 
recognize any difference in density throughout the brick, but 
from a theoretical standpoint it is difficult to believe that the 
effect of the friction against the sides of the mould will extend to 
the tjontre of the brick with a material so irresponsive to pressure 
as dry clay. It re most probable that the internal core of the 
brick will have less density than the faces. 

“If these differences exist they are too slight to be noticed in 
practice, but they may account for some trouble in drying and 
burning such a body as semi-dry clay, in which the bonding 
element is not developed as in the plastic process.” 

Scum is particularly trou})lesome in some clays used in the 
semi-dry process, and the use of barium carbonate is impractic- 
able owing to the small amount of water used. Some advantage 
may be gained by using barium chloride, but great care is 
necessary to avoid an excess of tiiis material, or the remedy may 
prove worse than the disease. 

Drying Troubles. — Although, by sending bricks made by the 
semi-dry process direct to the kiln, the drying process with all 
its troubles is apparently eliminated, it is found in practice 
that “ semi-dry ” bricks need as careful drying as any others, 
the only difference being that it is carried out in the kiln 
instead of in separate dryers. The reason is that in “plastic” 
bricks the plasticity of the clay is fully developed and the 
granular particles are cemented together, but in the semi-diy 
clay the bond is largely mechanical. The colloid properties are 
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not developed, and, if the particles are connected at all, it must 
be with dust, and at best imperfectly. When the pressure is 
applied the particles are forced together and into each other, 
and held there by interlocking, assisted, of course, by whatever 
colloid properties may have been developed. The dust fills 
the interstices under various degrees of pressure according to its 
amount, and the protection it has received in the interlocking 
of the particles and the opportunity for the escape of the air 
during the final pressure. The air, in its escape, may play the 
further role of sweeping clean the points of contact of the inter- 
locking particles. 

Bricks held together by such a doubtful primary bond must 
be very carefully dried in the kiln from throe to twelve days, 
and in some cases (as with large Idockslfwo and three weeks are 
required. It is more a sweating process' than a drying one, so 
slowly is th('- moisture- taken ofT Rapid drying would loosen 
the particles, which would not reunite in Imrning, and the re- 
sult would be a rotten brick. 

It is seldom practical to vitrify dry-pressed bricks, as the 
finer state of division of the material in bricks made by the 
plastic i>roces8 is sufficient to explain the more ready fusibility 
of the matrix, but in the dry ]>rocess tin* contact of the ]>article8 
alone forms the bond. The shrinkag(^ is comparatively little, and 
is Jiot dut' in any marked degi’e(‘ to the tine material. 

As Ellis Lovejoy states : ‘Mn the one case the matrix fuses 
and contracts, ('arrying with it at all stages the larger ]>articles, 
and imperviousiiess is attained with its fusion. In the other, 
the fine material may fuse and collect in the bottom of the cells 
formed by the larger particles, running into and around the 
points of contact, cementing them together into a permanent 
bond but only partially filling the cells, and imperviousness can 
only l)e effected l)y the softening of the cell -walls themselves, and 
the closing in upon the fused fine material contained therein.” 

An impervious brick made by the plastic process has a stony 
structure, while an impervious dry -press brick tends towards a 
glassy one. 

Moulds and Arrises. — Bemi-dry clay has a strong grinding 
action on the moulds or dies, and these must be kept in good 
order or the bricks will have bad edges. With badly worn dies 
there would be no pressure around the edges and at the corners, 
and without pressure there would be no primary bond, and the 
edges and corners would crumble off in handling, either before 
or after burning. 



CHAPTER VII. 

THE DRY OR DUST PROCESS. 

Notwithstanding the iiiLiiiy complaints which have been pub- 
lished by clay workers who have been unsuccessful in producing 
a really sound brick in the “dry ” way, tins method is in great 
favour in different parts pf the world, especially on the (Continent, 
where tlie presence, of enormous dey)osits of secondary clays, 
which are very dillicult to work })y more ])lastic methods, makes 
the problems confronting the clayworker more acute than they 
are here. 

It must ])e olwious to all jmictical clay workers that a higlily 
plastic clay is not suited for working in a. dry state, and that 
attempts to treat it in this way will most j)roba.bly end in failure, 
though a few cases* are known where satisfactory goods are being 
produced by mixing such clays with a large proportion of non- 
plastic material of somewhat coarse grain. As a general rule, 
therefore, the clays which are suitable for dry treatment are 
those of the secondary and shale classes, but other substances 
which are not of a truly argillaceous nature, such as steatite, 
llnie-sand, or even concrete, may be treated satisfactorily in this 
way. The great essential appears to be that the material to be 
pressed shall have sufficient binding power, and yet shall be free 
from the stickiness inevitably associated with plastic materials 
in which the plasticity has not been fully developed. 

The composition of the materials used will be found to be of 
minor importance as far as the actual prodiKjtion is concerned, 
though it must be considered in a study of the uses of finished 
goods. It is the physical, rather than the chemical, composition 
and nature of the clay which determines whether it can be 
satisfactorily worked in the dry way, or whether an admixture 
of water previous to pressing is necessary. 

There are two reasons why the dry process of brickmaking 
appeals to brickmakers : First, the lessened cost of making, owing 
to the absence of all drying either in the kilns or in special yards 
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or sheds, and, second, the reduction in the number of cracked 
and split bricks as compared with the products of many yards 
working a plastic or stiff-plastic method. 

Very coarse materials do not lend themselves readily to this 
method of manufacture, as a certain proportion of fine dust 
must be present to give solidity and strength. 

An important point in the manufacture of dry -pressed goods 
is to have the material really dry, as otherwise its water content 
is apt to be, unevenly distributed and a mixture is used which 
will crack in the kiln. On this account it is often necessary to 
dry the material before or after grinding. 

Lamination requires far more attention than has hitherto 
been given to it if this really serious defect is to be removed. It 
is duo in many cases to defective design in the presses, and to 
the inclusion of air between the particles. Almost all dry -presses 
at present in use cause a. certain amount of lamination, though 
it is often too insignificant in extent to warrant any special 
comment. Its cause is obscure, but apparently the absence of 
lubrication, such as is sujiplied by the water in plastic clay, 
tends to i)erinjt the dry particles to move to different extents 
in different directions, instead of regularly, as in the more mo- 
bile, plastic clay. Lamination is especially marked in slightly 
moistened clays, in which some of the particles are dryer than 
others (see ]). 2»‘17). 

I)ry-})rcssed bricks with sharp arrises, and which are perfectly 
sound, are difficult to luoduce when the moulds are worn, and as 
they leave the mould less rapidly and wear it more quickly than 
a well-oiled plastic brick, this is a matter of some importance, 
and one which must be fully considered when proposing to lay 
down a new plant. 

Some dry -pressed bricks on the market are defective through 
being under-fired. As the binding influence of plastic clay is 
absent from such bricks, a somewhat higher temperature is often 
necessary in the kilns in order to bring about incipient vitrifica- 
tion, and so obtain a strong article. This effect of plasticity on 
the fired goods is by no means well understood, though it is 
undoubted. Probably it is due to the effect of the greater pro- 
portion of water in the plastic clay in splitting up the latter into 
finer particles, which commence to vitrify at a lower temperature 
than when they are in the coarser form of stifi* bricks. 

The methods and machinery used are precisely similar to 
those employed in the semi-dry process, except that no water is 
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{idded to the material, and some form of clay dryer may be 
required. Greater prt^ssnrc's are, however, necessary and the 
presses must be made exceptionally strong. The “Emperor” 
I)ress (p. 2»‘G) is partiimlarly suitahle for materials practically 
devoid of plasticity. 

The dry or “ dust ” process is chiefly used in this country for 
tiles, the manufacture of bricks l)y it being difficult on account 
of lamination, irregularity in hardness in different portions of the 
brick, and defective binding power before burning, which makes 
the bricks difficult to handle. With tiles the difficulties are much 
less because of their thinness. The small amount of moisture 
]>reBent in the bricks made by the semi-dry process overcomes 
these difficulties to a limited extent, and it is on this account 
generally jueferable. 

The advantages of the dry ju'ocess over the others are many 
and obvious, but the process is limited to certain types of clay 
and classes of goods, and those clayworkers who rashly imagine 
that any clay may be satisfactorily made into bricks or tiles by 
it may find their mistake out when it is too late. In such cases, 
as in many ot hers, an absolutely impartial opinion, given by one 
thoroughly acquainted with the disadvantages and advantages 
of each method, and with the composition and character of the 
clay and the goods to l)e made from it, is the best thing to obtain 
before the plant is laid out. Such advice cannot, naturally, be 
had for nothing ; ])ut its cost is far less than that of experiments 
with expejisivt^ plant and machinery which prove abortive after 
a, few months’ trial. 

Provided that the clay is in a. suitable physical condition, its 
use in a dry press is accompanied by many advantages, l)ut until 
more is known of the exact physical characteristics required, all 
work in this direction must be somewhat in the nature of an 
experiment. 



CHAPTER VIII. 

KILNS. 

The selection of a kiln lbr burjiins bricks is a matter requiring 
great care and skill, particularly if it is to be used in works where 
the annual output is very large. In a small works the problem 
is less complicated, as the choice is usually limited to some form 
of single or intermittent kiln. 

Brhik kilns may be classified into two main gioiips : (a) single 
or intermittent kilns, consisting of a single chamber, and (6) semi- 
continuous and continuous kilns, consisting of a number of 
chambers connected in such a manner that the gases and pro- 
ducts of combustion produced in one chamber may be utilized 
in heating others. 

Kilns used for l)rick- burning may also be divided into three 
classes according to the direction in which the air, flue-gases, 
and products of combustion travel, viz. (1) up-draught ; (2) down- 
draught ; and (d) horizontal-draught kilns. 

Uji-Draught Kilns are the most costly in fuel, but are con- 
venient in many small yards and can usually be c.onstructed 
cheaply. 

An up-draught kiln for brick-burning usually consists of two 
side walls placed parallel to each other and containing a number 
of fire holes. An arched roof may be fitted over these walls, or 
a. flat roof may be formed ))y covering the bricks in the kiln with 
a layer of bricks laid flat and making this tight with ashes. One 
or more small chimneys may be built on the top of the kiln, 
or a flue may be built and connected to a single large chimney 
erected at a convenient distance from the kiln. The heated air 
enters through the fire-holes and rises to the top of the kiln, 
whence it passes to the chimney, the kiln deriving its name from 
the upward motion of this air or draught. 

The chief failing of the up-draught kiln is its ii-regular heating, 
the consequent large pro])ortion of under-burned and over-fired 

243 



944 


MODERN BRICKMAKING 


bricks produced, and the large proportion of fuel (seldom less 
than 12 cwt. per 1000 bricks) it requires. 

Its advantages are the low cost of erection, simplicity of 
setting and drawing, and the low cost of repairs. 

Down-Draught Kilns are amongst the best single chamber kilns 
known. They should really be termed “up and down-draught,” 
as the air entering the fire-boxes rises towards the top of the kiln 
and is then deflected downwards, distributing itself throughout . 
the kiln and passing through an opening in the floor to the 
chimney, which should be about 40 ft. high and 4 ft. dia- 
meter. 

This type of kiln is used throughout the country for high- 
class bricks of all kinds, and is valuable on account of the even 
heating which can be obtained. Though usually built as a 
single kiln, it has been found that the same principle can bo 
applied to continuous kilns, with the result that the economy of 
the latter, combined with the excellent colour and even heating 
of the former, produce an almost ideal kiln. 

Down-draught kilns may be either circular or rectangular in 
shape, the latter being best for bricks. They may l)e made 
sufficiently large to hold 250,000 bricks, but most British brick - 
makers find a chamber holding 30,000 to 40,000 most convenient 
for single-chamber kilns. 

Horizontal-Draught Kilns are those in which the air entering 
through the fire-holes travels largely in a horizontal direction 
before entering the chimney. The best known kiln of this type 
is the “ Newcastle ”. 

They are used for fire-brick manufacture and in other cases 
where a high finishing temperature is required. They are not 
usually economical in fuel, but are, if properly designed, less 
wasteful than -either up or down-draught kilns, though usually 
they are built too short in proportion to their width. They may 
be made of various sizes, but a capacity of 25,000 to 30,000 bricks 
is most convenient. If very high temperatures are required it 
may be necessary to add fuel through the holes specially con- 
structed in the roof, but for most building bricks this is un- 
necessary. 

If a horizontal -draught kiln is constructed of a number of 
chambers so connected together that the flue gases pass from 
one chamber to the others in a straight line a semi-continuous 
Uln is formed. If two semi-continuous kilns are placed side by 
side and connected at each end by other chambers, the 
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chimney being placed in the centre or to one side, a ring kiln or 
continuous kiln is obtained. 

It must be remembered, however, that, whilst any continuous 
and semi-continuous kiln regarded as a whole is of the “ hori- 
zontal-draught ” type, each portion or chamber in such a kiln 
may be worked on the “ down-draught ” principle. 

The Newcastle or single horizontal-draught kiln may, in fact, 
be regarded as the forerunner of the modern continuous kiln. 

Continuous Kilns have the great advantage of using but little 
fuel (3 to 5 cwt., as compared with the 12 cwt., of up-draught 
kilns for each 1000 bricks). Many continuous kilns are, how- 
ever, spoiled by the lack of provision for keeping the fuel 
away from the bricks, and many of those are in consequence 
spoiled in the firing. Where proper fite-boxes are provided for 
the combustion of the fuel, it is possible to obtain bricks equal 
in every respect to the best produced in any single kiln and at 
a far lower cost in fuel than is otherwise possible. 

Brickmakers who have not studied the recent improvements 
in continuous kilns have an impression tliat they can only be 
used for common bricks. This is quite erroneous, as several 
firms are now regularly producing some of the best facing bricks 
in the country in continuous kilns. 

Having described the main characteristics of the chief 
patterns of kilns briefly, typical kilns of each class may now be 
studied in greater detail. 

Clamp Kilns are best considered in a class to themselves. 
They are seldom employed except for temporary purposes and 
for hand-made bricks, and a typical clamp has therefore been 
described on p. 61. 

The Up-Draught or Scotch kiln is of a simple yet effective type 
and is typical of this class of kiln, ft consists of four upright 
walls forming a rectangular chamber, the two end walls being 
sometimes replaced by temporary ones so as to facilitate the 
filling and emptying the kiln. These openings are 36 in. wjdo 
with a permanent wall at each side of the opening, but in practice 
it is better to make the opening sufficiently wide to admit a 
horse and cart, as the bricks can then be loaded direct from the 
kiln into the vehicle. When the filling of the kiln is complete, 
each of these openings is filled with a temporary brick wall 
covered with ‘'daul)”or clay paste. The openings may reach 
to the ground level or not, as is most convenient. 

The floor is often sunk about 4 ft. below gi’onnd level, but this 
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has the disadvantage that a cart eannot he taken into the 
kiln. 

Alons each side of the kiln are tire-holes or openings about 
16 in. wide and 2 ft. to .‘1 ft. high. These openings should be 
lined with tire-1 >rick8 (which can be renewed when necessary) so 
as to reduce their width to about 12 in. They may also with 
advantage be arched with fire-bricks. 

The whole structure isaisually about 26 ft. long by 16 ft. wide 
and 12 ft. to 15 ft. high externally, the side walls being 18 in. to 
40 in. thick and the end walls (with “wickets”) J16 in. thick, but 
dimensions vary so in different places that no definite sizes can 
be stated as being the standard. 

The sides of the kiln may be the thickest at tlie bottom and 

may taper (externally) to- 
wards the top (fig. 168), as 
it is in the lower portion 
that the greatest strength 
is needed to resist the ex- 
pansion action of the heat. 

Small chimneys may be 
provided on the top, if 
necessary, but it is usually 
found that they are not 

Fia. 168.— End of up-draught kiln (with required. The top of the 
extra large wicket). 

ashes, or a permanent arched roof may be employed. 

Such a kiln is built of bricks set in clay paste. No ordinary 
mortar must be employed, except, possibly, for pointing the 
outside of the kiln, as the lime in it is detrimental to the hot 
brickwork when the kiln is in use. The walls must, usually, be 
supported by buttresses at the angles and, occasionally, at the 
sides. 

An up-draught kiln of improved type designed by George 
Durant (fig. 169) burns 30,000 bricks at a time with an average 
consumption of 8 cwt. of fuel per 1000 bricks. 

The tire-holes are 19 in. across, and are separated by 20 in. of 
brickwork and lined with 4^ in. fire-brick linings. Doors and 
bars can be fitted to the fire-holes if desired, but these are by no 
means always necessary. Between each two fire-holes a smoke 
vent 4^ in. wide is built, and a short chimney to each vent allows 
of the proper regulation of the draught in different parts of the 
kiln. 




KILNS 


247 


The foundation of the kiln should he perfectly \vater-tip;ht, and 
in cases of doubt or dampness a la)aT of concrete 10 to 18 in. 
deep should be put down. 

An important point in the construction of all kilns is the 
jointing of the brickwork, as if this is carelessly done the amount 
of loss through cold air leaking in and heat leaking out will be 
enormous. If the bricks are carefully dipped in “daub” and 
well malleted into position so as to secure a perfectly close joint, 
a considerable waste of fuel will be prevented. Lime mortar 
must not be used for jointing except at the outside facing, as it 
cannot stand the action of the heat inside the kiln. Wlien 
carefully built and fired, no stays are necessary, though they can 
be used if desired. It is a gi-oat advantage, both in enalding the 



Fig, 169. — Plan of up-draught kiln. 


fires to burn more steadily and in keeping the fuel dry, if a lean- 
to roof is erected along each side of the kiln. Many users of up- 
draught kilns omit this roof, though it is unwise for them to do 
BO as it soon pays for its cost in the saving in fuel it effects. 

The setting of the bricks in such a kiln requires considerable 
skill, as the courses must be crossed in such a manner as to 
leave continuous openings throughout, in order that the heat 
may be properly distributed. On this account flues about 8 in. 
wide and 2 ft. to 3 ft. high are left in the lower parts of the kiln 
connecting the fire holes in the side walls. One of the most 
satisfactory methods of setting such a kiln is to arrange the 
bricks in three straight lines, the centre one skintled, running 
from side to side, and to fill the kiln completely up to the top. 

A circular up-draught kiln is only used to a limited extent 
(being preferably replaced by a down-draught kiln) ; there is no 
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need to describe it in further detail. According to E. Dobson, 
up-draught kilns of this pattern were largely used at one time 
for the burning of, Staffordshire blue bricks, consuming about 
4 tons of coal for a kiln capacity of 8000 bricks 

The Down-Draught kiln, whether circular or rectangular, is the 
most efficient and satisfactory of all single kilns, yielding the 
most perfect colour and the lowest fuel consumption of any 
intermittent kiln. 

For many years the most popular form of single down-draught 
kilns has been circular in shape, but for ordinary bricks the 
rectangular pattern has several obvious advantages and is re- 
latively cheaper to construct. 

Figs. 170 and 171 show a section and plan of a circular down- 



Fi«. 170. — Section of down-draught kiln. 


draught kiln. For bricks, such a kiln has usually ten or twelve 
fire-holes around its circumference, and the hot gases from these 
rise up through a series of pockets or “ bags ” towards the top 
of the kiln, whence they are turned downwards, distributing 
themselves through the bricks in the kiln and finally passing 
through the central flue to the chimney. In most down-draught 
kilns of this pattern the floor is solid with the exception of the 
central flue, but in some cases a perforated false bottom is added 
so that the gases may be better distributed amongst the goods 
in the kiln. The chimney is usually external to the kiln, but may 
be placed centrally inside it if desired. Instead of the bags 
or pockets through which the fire-gases rise being separated from 
each other, it is, in some cases, preferable to use a continuous 
flash-wall or screen running comjdetely round the inside of the 
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kiln, so as to spread the gases more than is the case when bags 
are used. 

In any case, the bag, or screen-wall, must be perforated near 
to the bottom so that some of the gases may penetrate at once 
to the lower part of the kiln. If this is not done, and the walls 
are solid throughout, the lower portion of the kiln will probably 
be under-fired. 

It is usual to connect several kilns to a single chimney, but, 
if this is not practicable, each kiln may have its own shaft. 
Occasionally, round kilns are connected to each other so as to- 
form semi-continuous kilns, but such an arrangement is seldom 
quite satisfactory. 



The walls of a circular down-draught kiln must be of con- 
siderable thickness, and must, usually, be surrounded by iron 
bands in order to prevent it being damaged by expansion. 

The fire-boxes may be simple openings in the walls of the 
kilns fitted with a grate about 14 in. wide, or they may, pre- 
ferably, be in the form of a box or hopper as described in con- 
nexion with a rectangular down-draught kiln. The box form 
has the advantage of giving more regular heating with less fuel,, 
as it prevents much leakage of air through the fire-holes. The 
grates may be flat or sloping, the latter being preferable, as they 
expose a larger area of fuel and prevent air-leakage when the 
fuel is partly burned. 


‘ioO M{JT>EHN BKK'KMAKING 

111 file ordinary Hre-hox tlio moat elomentary requirementa 
for the ofiicient horning of the coal are to a. large extent omitted, 
with the reault that innch fuel ia wasted and a. large amount of 
smoke produced. 

Most kiln Iniilders appear to forget that wdjen fresh fuel is 
fed on to a fire the amount of air needed whilst gas is being 
produced is very large and that this air must, for the most part, 
)>e introduce<l into the gas stream direct and must ))e shut off 
whtm the jwoduction of gas has ceased. For this purpose an 
air-flue whicli caji la* closed by a door or by bricks should be 
constructed some inclies above the furnace and should lead 
directly into the kiln ]>.'ig or screen-space. The fire-box must 
be of such a shape that the coal will lie on the grate and will 
form its own seal, ])rev^*nting much heat escaping outside the 
kiln. To secure this it is necessary to have the grate much 
jnore sloping tlian is usual, so as to allow the fuel to lie at an 
angle inside the furnace. 

A similar iwiiu'iple is employed in tin*. Gillet fire-])Ox, but in 
this case several parallel air openings are provided. A large 
iron hopper is also placed on top of the square masonry. 

The use of a grate is not necessary with some fuels, but it is 
generally an advantage. 

If the fire-boxes are made sufficiently deep (above JIO in.) a 
species of gas-producer is formed whicli is very effective and 
economical. When using smudgy coal the difficulty sometimes 
experienced with so deep a fire-box can be overcome by blowing 
steam and air into the fuel near the bottom. This is best ac- 
complished by fitting a 2-in. iron or stoneware pipe into the front 
of each fire-box, and allowing it to project about half-way inside 
the latter. A steam jet J in. diameter is then attached just 
inside the outer end of this tube, so that the steam passing 
through the tube candes a supply of air with it. As the steam 
must usually be ))rouglit a considerable distance, much con- 
densation occurs, so that some form of superheater is necessary. 
This is easily oldainod by fixing a U-8ha]>ed iron pipe 2 in. 
diameter just above the gas exit of the fire-box, and connecting 
the ends of this pijH* to the boiler and steam jet respectively. If 
the action of the heat on the- iron U tube is excessive, a thin fire- 
clay slab may be placed beneath it. A larger steam jet than 
that mentioned is undesirable, and the superheater must not be 
omitted if the l>est results are to be obtained. 

In order to overcome the difficulty experienced in drying and 
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warming the lower bricks in a down-draught kiln, and in prevent- 
ing the deposition on them of condensation-products from the 
upper bricks, E. Thomas has patented the use of a number of sup- 
plementary fires placed between the ordinary fire-})Oxes and 
•connected to a different pattern of “bag” (fig. 172). These 
supplementary fires are used entirely for tln^ heating of the 
lower part of the kiln Ijefore, or simultaneously with, the heating 
in the usual manner. For this purpose the “ l)ags ” are nearly 
closed at the top as shown in fig. 1 73, but are open at the front, so 
that the fire-gases are confined to the lower 3 ft. or so of the kiln. 
By heating this portion first (instead of last as in the ordinary 
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Fio. 172. — Special screen (front view). 


manner) the bricks contained in it are made better able to stand 
the pressure of those above them. They are warmed and so 
cannot be spoilt by condensation deposits, the draught of the 
kiln is improved and the amount of fuel required is slightly 
reduced. These supplementary fires are fitted with doors so that 
the heat from them may be regulated, and it is found in practice 
that they enable the bottom of the kiln to be finished as sooii as 
the top. 

The rectangular down-draught kiln shown in figs. 174 and 175 
is easier to set than a circular one. It may have a single separ- 
ate chimney, or two smaller chimneys, one at each end, or a 
series of very small chimneys, one for each fire. The first men- 
tioned is the best, though it may be more expensive if only 
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one kiln is built, the only advantage claimed for the use of a 
p separate small chim- 

j-jgy being 

that a separate con- 
trol of the draught is 
obtaiiked. This ma/ 
be equally well ar- 

ranged, when desired, 

I I by inserting dampers 

in the separate fluea 
leading to the main. 

The walls should 
not be less than 30 

□ in. thick and should 

be strengthened by 
vertical steel joists 
placed at intervals on 
each side of the kiln, 

and tied together by 

_J L_J l‘iii. rods to those on 

Fig. 178.— Cross section through centre of fig. 172. the opposite side of 
the kiln. In order to strengthen the kiln at the springing line of 
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the arch, horizontal steel joists should be placed around the kiln 
at this level and kept in place by the vertical ones. 

The kiln has an arched roof. The fuel is burned on inclined 
grates fixed in fire-boxes down two sides of the kiln. These fire- 
boxes are so made that a considerable quantity of fuel is con- 
tained in them, the gases and volatile matter from the fuel being 
drawn downwards and passing over the glowing fuel in a manner 
impossible with a fiat grate. This not only saves fuel but reduces 
the amount of smoke. The inclination of the grates must be 
adjusted to suit the fuel used, and experiments may be necessary 



Fig. 175. — Half-plan of down-draught kiln (Brown). 

before the correct angle can be found, though it is usually about 
fiO degrees. The grate-bars should not reach quite to the wall 
at tlie ))ack, a space for pushing down the ashes being desirable. 
The {^r necessary for the combustion of the fuel enters chiefly 
through the grate, but an additional supply can be admitted 
through an opening in the wall above the fire-box. The admission 
of this additional supply of air is of great importance in aiding 
the prevention of smoke, and by constructing {ji series of vertical 
flues within the kiln-walls and parallel to the bag-walls a supply 
of hot air can readily bo obtained. By .this means the production 
of smoke is almost, if not entirely, prevented. This liot air is ad- 
mitted to the bags at a point about 2 ft. above the level of the 
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fuel at the bottom of the bag, the amount of air entering the kiln 
being controlled by a simp)le damper. 

The flame, fire-gases, and air rise through the bags and, after 
deflection from the roof, distribute themselves amongst the bricks. 
As it is essential that this distribution of heat should be even, 
the “ bags ” are sometimes replaced by a single wall or screen built 
parallel to the sides of the kiln forming a space or trough, into 
which the fire-gases are discharged. Cross- or tile-walls may be 
used between the fires to bind this wall to the kiln. As will be 
seen, the bags or screen-walls rise to the height of the spring 
of the arch or even higher, but ample room must be left in the 
top of the kiln for the effective (combustion of the gases. A few 
perforations should be left near the bottom of the bag- or screen- 
walls in order to supply some heat to the lower part of the kiln 
during the earlier stages of the firing. The supplementary fires 
described in connexion with the circular down-draught kiln may 
be used if desired. 

The floor of this kiln is perforated so that the heat may be 
well distributed, each series of perforations leading to a separate 
flue. These flues are connected to a series of chimneys or to a 
main flue running beneath the kiln floor to the chimney-stack. 
If two chimneys are used (one at each end) the sub-floor fluea 
should be connected to each chimney alternately, so that all the 
fires on one side of the kiln will lead to one chinmey and those 
on the opposite side to the other. 

There are no fire-holes at the ends of this kiln, their place 
being taken by “wickets” or “ door-gaps,” through which the 
kiln is filled and emptied. 

The size of the kiln may bo varied to suit special uses, but 
one capable of holding about 30,000 bricks, leaving ample space 
between them and the arch, will be found to be most generally 
useful. If built of ordinary bricks, with the exception of the 
bag-walls and the lining of the fire-boxes — which should be of 
fire-bricks, a kiln of this size will cost about £250, but if any 
independent chimney-shaft is used the cost of this must be 
added. 

The bricks may be set “five on two,” i.e. five headers on two- 
stretchers, or in “ blades ” as preferred. In each case, care must 
be taken to allow the gases in the kiln to have access to the per- 
forations in the floor, and the first two or three courses of bricks 
must be arranged accordingly. The bricks should not be set 
much above the level of the bag-walls, and in no case within 
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15 in. of the lop of the kiln, as this space is necessary for com- 
bustion and heat circulation. 

Down-draught kilns should be laiilt rather low — 16 ft. high 
inside is too high for most purposes, and 10 ft. would ])e far 
better. 

"Yho. NcAVcastle kiln (fig. 176) is typical of liorizontal-drauglit 
kilns. Unlike the up-draught kiln previously described, it is 
fired from tbe end instead of from the sides, with a consecpient 
saving in fuel. In most Kew’^castle kilns this firing is from one 
end only, the chimney ))eing placed at the other, but in kilns of 
20 to 30 ft. or more it is usually necessary to fire from both 
ends. 

It is customary in some districts, though not in Newcastle, 
to fire through holes in the roof of kilims of this ty])e, the fuel 
being received and burned in s]>ecial “pillars ” constructed of 



Fio. 176. — Longitudinal section of “ Newcastle ” kiln. 


the bricks to be fired. As this arrangement spoils a certahi pro- 
portion of bricks it is not to be recommended except in tlu' case 
of common goods. 

The Newcastle kiln consists of a long rectangular chamber 
with an arched roof. It is not usually more than 15 ft. wide in- 
ternally and is often much ilarrower. One end of the kiln is 
solid and has .a chimney, or three Hues leading to a chiinney, at 
the back of it; the other has two permanent fireplaces and a. 
wicket or door gap about 40 in. wide, in whicdi, when the kiln is 
filled, a third fireplace is constructed. 

These fireplaces, as ordinarily built, each consist of an open- 
ing about 2 ft. 6 in. by 1 ft. 4 in. reaching from the ground, 
usually containing a grate, and another arched opening just 
above, and of the same width, but only 14 in. high at the centre 
of the arch, through which the fuel is fed. These openings 
should be partially closed by means of iron sheets or fire-clay 
slabs, though in pracjtice they are left quite open in spite of the 
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waste of fuel which is thus involved. To obtain the best results 
they should only be sufficiently open to admit the proper quantity 
of air. 

A space at least 3 ft. wide at the bottom and 4 ft. at the top 
should be left between the bricks to be burned and the inner face 
of the end wall of the kiln. This space forms a combustion 
chamber, and - when no grates are used for the fuel it forms an 
ashpit and bed for the combustible. It is necessary to have this 
space in order that the air- and fire-gases may be properly com- 
mingled and the fuel thus be perfectly burned. 

These gases travel along, chiefly in a horizontal direction, but 
distribute themselves through the bricks, finally passing out 
through three openings at the farther end of the kiln, to the 
chimney. If the kiln is longer than 30 ft. it is desirable to have 
exit openings in tlie sfde walls and floor of the kiln at intervals, 
so that the gases itiay be taken out as required. This is espc^cially 
necessary during the earlier stages of firing, as if the gases be- 
come too cool th^y will cause dei> 08 its (scum) to form on the 
goods. Very large Newcastle kilns are, however, undesirable, as 
smaller ones connected together to form a semi-continuous oi' 
continuous kiln have many advantages and are equally econ- 
omical in fuel. 

For convenience, and to reduce the cost of building, New- 
castle kilns are often erected in batteries of six kilns placc^d side 
by side. When this is the case it will be found much more 
economical and satisfactory to erect a semi-continuous kiln of 
the same capacity. 

The setting of the bricks is similar to that in a continuous 
kiln. 

Gas-Fired Single Kilns have been made the subject of ]jiany 
patents, but few have proved really successful. Most patentees 
have had an insufficient knowledge of the firing of kilns, and have 
attempted the impossible by introducing the gas at the wrong 
place, or have tried to keep it alight when supplied with cold air. 

For the successful application of gas to intermittent kilns it 
is necessary to have several kilns so placed that they discharge 
their waste gases into one of two central regenerators or chambers 
filled with bricks arranged in a chequer-work fashion. Whilst 
the waste gases from a kiln are passing through one of these 
regenerators the brickwork becomes heated, and when the 
supply of gases is cut off by being diverted into the other re- 
generator, -air is drawn in the opposite direction through the first 
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one ; thus the air becomes heated and is then in a suitable con- 
dition for being supplied to the gas used for heating the kiln. 
The change of air and waste gas currents through the regenerators 
must be made at regular intervals of about thirty minutes, this 
being effected by means of a simple reversing valve. 

The gas is made in special producers, the construction of 
which needs special skill. The gas-burners must also be of 
special construction ; most of those who have endeavoured to 
apply gas to brick burning in single kilns have failed to burn 
the gas satisfactorily, 

A typical arrangement for a single kihr fired by gas (fig. 177) 
is designed by E. Schmatolla, and found to be specially suitable 



Fio. 177. — Intermittent gas-fired kiln. 

for use at temperatures higher than can be obtained by direct 
firing with coal. 

It consists chiefly in the connexion of the heating chamber 
with two or more heat collectors, accumulators or regenerators ; 
the furnace proper is arranged so that it may be started as a 
direct fired grate, and afterwards changed gradually to gas firing, 
and on this account it is built centrally to the whole structure, 
the regenerators being placed at each side. 

The gas generator (c), which is built in a similar way to a 
grate furnace, but with a higher shaft, is arranged below the 
burning chamber (a), and the two heat collectors or accumulators 
reach approximately from the bottom end of the gas generator 
to the upper end of the heating or burning chamber. The gas 
generator is connected to the chamber at both sides by means 
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of conduits or flues (d, e,) between which are an-anged dampers 
(/), the latter making it i)ossi))le to close the one or the other of 
the flues {d). The two heat collectors (b) are connected to the 
heating or burning chain ])er (a) liy means of conduits (g) and 
openings (h). The heat collectors, which are provided with a 
grating of refractory bricks or other material, are connected at 
the bottom end to conduits (b^ , b2, 54), which can he brought 

into communication either with the chimney channel (65) or 
with the outer air hy moans of a device consisting of a box (k). 
Assuming that the damper (/) on the left-hand side is closed, 
the corresponding damper (/) on the right-hand side being open, 
and the box standing as shown in the drawings; the conduit 
(64) on the right-hand side is in connexion with the outer air, 
and the conduit (64) on |.he left-hand side is connected with tlie 
chimney ; and assuming furtlier that tlie generator is fllled»witli 
coal, and tliat the whole furnace is already iiicandescent. the 
g(merator gas will then ])ass through the right-hand conduit 
system (d, e) into the heating chamber (a), and the air through 
the right-hand conduit system (64, 6B, h2, 61), the grating of the 
right-hand collector and the conduits (g, h) also into the luxating 
chamber (a). Gas and air become mixed a,t the right-hiuid end 
of the chamber, burn in the interior of the chamber {a), and j)ass 
at the other end through tlie conduits (6, g) and the heat col- 
lectors (6), as well as the conduits (61, 62, 6B, 64) on the left 
hand, into the chimney. The combustion gases escaping from 
the chamber give ofl’ the greati^st portion of their heat to the 
grating of the heat collector arranged on the left-hand side. 
When the latter is so highly heated that tlie combustion gases 
begin to escape through the flues (61, 62, 6B, 64) at a higher tem- 
perature, the box (k) is drawn to the right side, so that the left 
channel (64) is open and the right channels (61, 62, 6B, 64) are 
connected to the chimney. If, then, the right-hand damper {f) 
is closed and the left-hand one is opened, the gas will pass through 
the left-hand side flues ((?) and (g) into the chamber, and the air 
will pass through the left-hand side flues (64, 6B, 62, 61), the 
grating of the left-hand side heat collector, and the right-hand 
side flues (g, h) into the chamber. The direction of the flame 
will be reversed, and it will ])ass on the other side through the 
flues (g, h) to the heat collector, and after having given off to the 
latter the greatest portion of its heat through the right-hand 
flues (61, 62, 63), into the chimney. The air is, of course, highly 
heated by the previously highly heated left-side accumulator, 
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and passes into the chamber with a very high temperature. The 
producer gas will also pass into the heating chamber at a very 
high temperature, since it has to traverse only a short conduit, 
and thus it is possible to increase the temperature in the 
chamber to a mu(ih higher degree than is possible in the furnaces 
generally used — for instance, for burning or heating highly re- 
fractory materials. As the direction of the Haines can be altered 
at given intervals ol' time, the temperature in the chaml)er can 
be raised as much as desired up to the limit of the dissociation 
temperature of carbonic oxide— that is to say, up to 2000° C. 



Fi(i. 178. — Ref^enerator and furnace. 


An adaptation of this regenerator to a furnace is shown in 
fig. 178. In this, the heat accumulators (6) are placed at the side 
of the ])roducer (c) as before, but the gas fines (d, e) are arranged 
at each side in the middle of the accumulators (6), separated 
from them by thin walls (w), whereby the accumulators are 
divided at the top into two branches, which are also filled with 
brickwork for accumulating heat and communicating at their 
upper end with the combustion chambers (a). In this arrange- 
ment the dampers (/) for regulating and reversing the gas and air 
are arranged at the level of the heating chamljer inlets, and are 
controlled from the sides of the furnace instead of from the front. 
By means of this arrangement it is possible to look through the 
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flues direct into the gas producer, and (jonsequently the cleaning 
of the gas flu^s is quite easy. In this way it is possible to cool 
the bottom of the hearth from a water tank (t), a great advantage 
when the furnace is used for melting purposes, -or where a fusible 
slag is j)roduced. This drawing also shows a design when the 
flues (b^) leading to a separate reversing box (k), as in fig. 177, are 
used as a part of the accumulator by filling them also with brick- 
work ; in this they can ])e covered with plates (j)). By tliis system 
the whole of the heat in the waste gases may be recovered, and 
experience has shown that, whilst the heating chaml^er is at a 
white heat (1700° C.), it is easy to keep one’s hand on the revers- 
ing valve (k), (fig. 177). 

The Mond Gas Producer has also been a])plied to the firing of 
kilns, but as the essen tied feature of this jdant is the recovery of 
by-products from the fuel, it can only be used where a very large 
number of kilns are employed at a time. In such cases it is 
easier and bettor to use a continuous kiln — either coal or gas- 
fired — for burning bricks. 

A system of what may be termed half-gas ” firing has been 
successfully applied to kilns by A. Woolley and others. This 
consists in removing the grates from the ordinary fire-boxes of 
the kilns, providing an air-tight door, and blowing in air aiid 
superheated steam below the fuel. A crud(» gas is produced with- 
out any appreciable alteration of the furnaces, and regular heat- 
ing is greatly facilitated with a reduction in the amount of fuel 
consumed, and a great saving in the laljour of firing and of cleaning 
out the fire-boxes. 

Semi- Continuous Kilns are those in which the unused heat from 
one chamber is used in others, the transference being continued 
until the end of the series is reached. Semi-ctontinuous kilns are, 
therefore, more economical in fuel consumption than art' single 
kilns, and yet, if rightly constructed, they give equally good 
results. Unfortunately, most designers of semi-continuous kilns 
have been unduly influenced by their knowledge of the New- 
castle (single) kiln and the Hoffmann (continuous) kilns, and have, 
overlooked the advantages of the down-draught kiln when con- 
nected to form a semi-continuous series. On this account many 
selni-continuous kilns do not X)roduce bricks of good colour, but 
the fault lies less with the underlying principle of semi -continu- 
ous action than with its limited applications. 

The general structure of a semi-cojjtinuous kiln is shown in 
fig. 179, though the use of only four chambers would not secure 
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a great reduction in the amount of fuel used, and at least six 
chambers should be connected. The kiln shown is practically a 
Newcastle kiln with fires at one end, to which have been added 
three other chambers for which no fire-grates have been provided, 
though feed -holes for the fuel are placed in the roof. 

Chambers 1 and 2 having heon filled with bricks the fires are 
lighted and the heat not required in No. 1 is taken through the 
five short connecting flues direct to chamber 2. Passing through 
this, it escapes to the chimney through underground flues situated 
at each side of the kiln. As soon as the succeeding chambers 
(3 and 4) are filled, the gases are passed through them before being 
admitted to the flue, and, in this way, almost the whole of the 
heat in the gases is used. As soon as the bricks in chamber 1 
are finished, the firing in the fireplaces is stopped, and the fuel 
supplied as required through the roofs of the different chambers. 



Fia. 179. — Plan of semi>oontinuous kiln. 


It will easily be seen that whilst the heat from No. 3 chamber is 
fully used in heating bricks in other parts of the kiln, much of 
the heat from No, 3 and all from No. 4 must pass into the 
chimney and ])e lost, so that the saving in fuel depends very 
largely on the number of chambers (i.e. on the length) of the 
semi-continuous kiln. 

If such a kiln be constructed with fourteen or more chambers, 
and these, instead of being in a straight line, are in the form of 
a circle or ellipse, the fireplace necessary in the semi-continuous 
kiln is no longer needed, and a continuous kiln, in which the 
waste above mentioned does not occur, is produced. 

Another serious objection to the semi -continuous kiln just 
described ( vhere the colour of the goods is of importance) is the 
damage do le to some of the bricks by feeding the fuel amongst 
them througli openings in the roof. This may be overcome by 
the use of grates or fireplaces in each chamber, wliereby the fuel 
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is prevented from coming into contact witli the goods, and bricks 
of an excidlent colour may then be produced. 

Occasionally, two semi-continuous kilns are built side by side, 
one being burned whilst the other is drawn or set. This simplifies 



the construction somewhat, but is awkward in use comj)ared with 
the semi-continuous down-draught kiln with one gallery shown 
in fig. 180 , and is not so economical as a continuous one. 



The Semi- Continuous Down-Draught Kiln shown in fi rs. 180 and 
181 is due to A. E. Brown, but similar ]u*incii)les ,.re used by 
other designers of kilns of this style, and many of the })etter con- 
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tinuous kilns can be made into excellent semi -continuous ones by 
l)uildinp: a few chaml)ors instead of the whole kiln. 

Each chamber in such a kiln can be use-d independently of 
the rest — an imi)ortant advantage when th(‘ sup])ly of green 
bricks is short or when the out])ut of the works is reduced. 

As shown in fig. 180 a number of chambers (usually six) are 
connected with each other by means of a row of op(‘nings in the 
fioor next to the partition walls, so that the fire-gas(^s pass through 
these openings to tlie next chamber. The furnaces, in this case, 
are arranged in each corner of each chamber, and direct commimi- 
(iation with the chimney can be made through a damper-con - 
trolled flue in each chamber. The chambers may convenieiitly 
hold 7,000 to ]r>,000 Ijricks each, and if only six are erected the 
whole set should be filled, burned off,eand cooled before being 
drawn and reset, though with careful working it is possible to set 
some chambers at the same time as the others are being fired. 

When starting the firing the damper (d) and the fine (D) is 
opened and the fire-gases pass through the perforations to the 
chimney through the main flue (L). By keeping this damper 
open, any (diamber can be worked independently, but on closing 
it the fire-gases pass into the next chamber through the perfora- 
tions and under the partition walls, rising through the oi)enings 
in the next chamber up what is practically a “ bag ”. The 
chimney damper of this second chamber may be opened, or if 
closed that of a later chamber must be opened. When the 
firing of a chamber is finished, the fires are allowed to die out, 
the openings for admitting fuel are closed, and the finished 
chamber only used for the supply of such hot air as may ))e 
needed. Such a kiln with a suitable chimney would cost about 
£500 for a chamber capacity of 7,500 bricks and a weekly output 
of 15,000, })ut the saving of fuel on this output would rei)ay 
the extra (;ost of the kiln over single ones within five years. 

Continuous Kilns have increased>stea.dily in popularity during 
recent years, and though still misunderstood and mismanaged 
ly many brickmakers, tlie })rejudico which existed against them 
at one time is slowly dying out. 

In this country few brickmakers would attem])t to use a 
continuous kiln for an output of less than 1, 000,000 ])ricks 
yearly, tliough in Germany many small kilns of this ty])e are in 
use. 

For an annual output of 1,000,000 or more bricks some form 
of continuous kiln is very desirable, the ])reciBe construction 
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depending upon the class of bricks to be produced. The fost 
successful continuous kiln was invented by Frederick Hoffmann 
in 1859, and though many improvements have been made since 
that day, the general principle he employed is still used, and 
many modern kilns are termed “Hoffmann,” although they 
differ widely from the original one oi that name. 

For common bricks the original type of Hoffmann kiln is 
quite satisfactory, Imt as it seldom yields as much as two-thirds 
of its contents of facing bricks the proportion of those of second 
and third quality is very large. This type of kiln is characterized 
by a remarkably low fuel consumption — averaging 3^ cwt. per 
1000 bricks as compared with 10 to 12 cwt. for single kilns — 
but the first cost is necessarily great, though not so high in pro- 
portion as many brickmykers are apt to suppose. 

Although many patent continuous kilns are on the market, 
it will be sufficient if seven main features are described and 
compared, the characteristics of certain other well-known kilns 
being mentioned a(icording to the class in which they occur. The 
chief features of modern continuous kilns are : — 

1. The general principle of continuous action, typified in the 
simple Hoffmann kiln. In this the fuel is fed through the roof 
and burned amongst the bricks to be fired. 

2. The use of grates or troughs for the fuel. 

3. The use of flues for supplying the freshly-set bricks with 
warm air, in order to dry them and to prevent the deposition of 
moisture on them — as in most modern continuous kilns. 

4. The use of the down-draught principle — usually in con- 
nexion with grates or troughs for the fuel (see 2) — and permanent 
partitions so as to divide the kiln into a number of separate 
chambers. 

5. The means used for removal of steam. 

6. The use of gas in place of solid fuel. 

7. The use of mechanical (fan) or natural (chimney) draught. 

The simple Hoffmann kiln was originally circular in shape, 

but it is now frequently made with two straight portions con- 
nected together by two semicircular ones so as to form an ellipse 
with flattened sides. This later pattern is/ more convenient in 
shape than the circular one. The general construction and 
method of working of this, the simplest and oldest type of con- 
tinuous kiln, is shown in figs. 182 and 183, from which it will be 
seen to consist of a circular tunnel with twelve door-gaps in its 
outer circumference and twelve flues in its inner one. The 
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door-gaps give access to the interior of tlie kiln and are closed 
with brickwork when those portions of the kiln in which they 
occur are being fired ; the flues lead to a central annular flue 
connected directly to the chimney, the connexion between the 
twelve flues and the annular one being controlled by dampers. 

The outer walls of the kiln must be at least 8 ft. thick, 
and must be set in buttress form so as to resist the great effect 
of the heat upon them. The masonry in the centre of the kiln 
is composed of brickwork filled in with rubble or broken bricks, 
well stamped down so as to yield a solid mass. The fuel is 
.sux)plied through holes in the roof of the tunnel. 

The size of the kiln may be varied to suit different conditions, 
but it should have at least 14 “ cliambers ” each at least 12 ft. 



in length or an average tunnel length of 168 ft. It is found that 
better results are obtained with an average tunnel length of 
about 225 ft., and this the author considers a desirable minimum 
for the manufacture of first-class bricks. The earlier kilns, with 
only twelve chambers, were too short for obtaining the best 
results, and in the best modern continuous kilns sixteen chambers 
are considered to be essential. 

In considering a Hoffmann kiln it must be remembered that 
no partitions exist to sei)arate the kiln into a definite number of 
chambers. The term “chamber” is, however, so convenient 
that its use in this connexion is universal. 

The whole of the chambers, with the exception of two, having 
been filled with bricks which are being heated, the working of 
n simple Hoffmann kiln is as follows : “ chamber ” 1 is empty, 
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12 is being; filled, and a cuiTent of air entering; t]iroug;h the 
doorway of No. 12 through No. 1 on, gradually l)ecoming hotter 
in its journey, thus helping to burn any fuel with whicli it may 
come into contact. No. 11 chamber is the one last filled, and 
consequently contains the coolest of tlie unfired bricks, the 
Jiottest bricks being in Nos. 4 or 5 ; th(‘ intermediate chaml>erB 
being at varying l)ut progressively increasing temperature. 

The air passing coiUra clockwise round the kiln is, during its 
journey through the hottest chambers, highly charged with flue- 
gases, and the mixture so formed is purposely taken through as 
many chambers as possible so as to expend most of its heat in 
warming the goods. Finally, at a temperature of 150° C., and 
nearly saturated with moistiu’e, it passes into the cbimiiey and 
is lost. Meanwhile, the bricks in the various chambers are 
increasing in temperature as the result of the hot air and gases, 
and the fuel fed through the roof of the hotter chambers ; and 
when those in (say) No. 4 are sullich'ntly heated, no further fuel 
is supplied to them. This chamber will then begin to cool, 
because of the current of air drawn through it as already de- 
scribed, and another chamber (say) No. 9, which has hitherto 
been heated by the hot gases alone, will be sufficiently hot to be 
fed with fuel through the roof. 

In such a kiln, therefore, No. 1 chamber will be empty, Nos. 
2 and H will be cooling, No. 4 will be at full fire and nearly 
finished, Nos. 5 to 8 will be under fire and hot, Nos. 9 to 11 will 
be being warmed by the “waste gases” from the previous 
chambers and No. 12 will be being filled. The partition shown 
between Nos. 11 and 12 will bo placed between Nos. 12 and 1 as 
soon as No. 1 2 is filled, or as soon as possible after No. 4 is finished 
firing. 

With some clays the gases become so charged with moisture 
that the foregoing ])ro(*edure iiuist be modified, ami the freshly 
set goods warmed by special tires in the door-ga|)B or wickets. 
It is to avoid this that hot-air Hues (see later) are used. 

In tJie Hofihiann kiln as originally designed, the fuel, fed 
through tile roof, falls into hollow pillars formed by tlie bricks 
to be burned on account of the spechil manner in which they 
are “ set ” in the kilns. The ash from this fuel discolours these 
bricks and renders them unsightly, but the saving in fuel etiected 
by the kiln was for a long time considered to outweigh this dis- 
advantage. In recent years, however, the demand for a l)etter- 
coloured Iric^k than can ))e produced by the original Hoffmann 
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kiln has increased so much that few modern hrickmakers would 
now erect one of these simple kilns, hut would include several 
improvements such as those described later. The fact still re- 
mains true, however, that the original Hoffmann is the most 
economical in fuel of any continuous kiln on the market, none 
of the “ improved ” kilns being able to work with less than 0 cwt. 
per 1000 bricks using a clay or shale free from any conibustil)le 
matter. 

In judging the fuel-consumption of a kiln it is necessary to 
ensure that there is no combustible matter in the clay as,>other- 
wisc, any comi)arison is useless. For example, the Fletton shale 
contains so much oil as to render only a trifling pro])ortion of 
fuel ne(iessary, and a kiln which will burn this satisfactorily with 
only ^ c.wt. of coal per 1000 bricks may need 5 cwt. for a South 
Country clay or for a Midland marl. 

Where the colour and appearance of the 1 nicks are unim- 
portant the simple original Hoffmann princiide (fig. 182) is still 
the best. 

Hoffmann Kilns with Grates or Troughs for the fuel, mark a 
distinct step forward in the production of facing bricks in a con- 
tinuous kiln, as ))y keeping the fuel out of all contact with the 
goods they eliminate one of the chief causes of discoloration. 

In the original “ Belgian ” kiln the grates are placed trans- 
versely — one in each chamber — the fuel l)eingfed through holes 
in the roof or through a door at one end of the grate. With this 
exception the Belgian kiln is almost identical with the original 
Hoffmann one, though it is usually built of an oblong shape 
instead of being circular in form, and the ciiimney is at one side 
instead of being placed centrally. Like most modern continuous 
kilns the Belgian ” Juis a large number of chambers, frequently 
twenty-two. 

In several other kilns this amingement of gi'ates is emi)loyed, 
and it lias now become a recognized feature of coiitinuous kilns 
for facing bricks. These grates may be of metal or of fire-clay, 
the former being generally preferable, being stronger. 

In kilns designed l)y (futhrie and by Brown the grate is re- 
placed by a trough or gutter in which the fuel is burnetl. The 
hearth ])atented by A. E. Brown is shown at /in fig. 184 and is 
sloping, the air being admitted to the side instead of below the 
fuel. This hearth is placed below the floor level and is found, 
in y)ra.ctice, to give rc‘sults (piite equal to the ordinary grate bars 
and to be somewhat easier to clean, as but little clijiker adheres 
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to the air inlet. Flat grates are, however, quite satisfactory with 
proper care. 

In the arrangement devised by Guthrie the trough has a level 
bottom, is somewhat deeper, and has no grate. 

The openings through which fuel is fed to the fire-boxes must 
be capable of being closed to prevent the use of cold air, but a 
sufficient supply of air must be admitted to enable the fuel to 
burn properly and to prevent the grate bars (if of metal) from 
being melted. The means by. which this air is admitted will be 
described later. 

The advantages of grates, or troughs, running the whole width 
of each chamber are so numerous that they may be considered 



Fia. 184.— Section of one chamber in Brown’s kiln. 

an essent^dl feature of all modern continuous kilns, and the 
question now facing brickmakers is not whether a grate or trough 
is necessary, but whether one is sufficient for each chamber. 
For most purposes a single grate or trough for each 1 5 ft. of tunnel 
is amply sufficient, but where unusually high temperatures — as 
in fire-brick and blue-brick manufacture — are required, it is de- 
sirable to employ two grates or troughs to each chamber. This 
arrangement has been patented by Barnett & Hadlington. 

Hot Air Flues are essential in the production of well 
coloured bricks in continuous kilns, and the chief variations in 
modern kilns of this type are due to the different means used to 
supply heated air. 

Hot air is used for two purposes in the best continuous kilns, 
viz. : (1) for facilitating the combustion of the fuel on the grate 
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or in troughs or bags, as a better result is obtained when the 
fuel is supplied with hot instead of with cold air ; and (2) for 
drying and warming newly set goods. In some of the older types 
of continuous kilns hot air is exclusively used for the former pur^ 
pose. 

It has already been stated that if the fire-gases be taken 
tlirough too many chambers in succession they will become cool, 
and ])eing heavily charged with moisture and other combustible 
im])urities, will deposit some of these on the goods over which 
they pass. For this reason, as soon as the fire-gases in a con- 
tinuous kiln reach a temperature of 1 50° C. they should be taken 
direct to the main flue and chimney. The amount of heat then 
left in them is very small, and its loss is unimportant compared 
with the damage which can be done by^the impurities in these 
gases. If desired, the fire-gases may be used in a dryer, but they 
must be kept enclosed in flues, or pipes, and not allowed to come 
into contact with the goods or they will produce scmn. 

As it is, in practice, inadvisable to use the fire-gases of a con- 
tinuous kiln in heating the freshly sot bricks up to 120° C., 
some other source of heat must be used. At present three such 
sources are available: 

(a) Wicket (ires may be built or stoves may be placed in the 
door-gap of each chamber or connected to the feed-holes in the 
roof. In this way the heat from a separate fire is used to warm 
a, large quantity of air. The disadvantage of this arrangement 
is that the products of combustion of the fuel mix with the air 
and sometimes discolour the goods. 

(b) Air may be drawn over the goods which have finished 
firing and which are cooling in the kiln. This air is heated 
without any contact with fuel and is, therefore, free from the 
disadvantages just iiientioned in (a). The amount of heat avail- 
able is, however, limited by the rate at which the goods can be 
cooled and ))y the finishing temperature of the kiln. So far as^ 
it can be used this is the best source of hot air, but it seldom 
yields sufficient unless supplemented by heat from other sources^ 

(c) Air may be drawn through special flues above the arch of 
the kiln or below the floor, its temperature being regulated by 
the speed at which the air travels and the number of flues used 
for this purpose. Heat withdrawn in this way from the kiln 
must, in i>art at least, bo replaced by the combustion of a relative 
amottnt of additional fuel, but the arrangement is so convenient, 
and the effect of the air on the brickwork by preventing some of 
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the loss by radiation whicli would otherwise take place is so j?ood, 
that it may be considered as the second best source of heat and 
the l)est means of supplementing the hot air supplied by the 
chambers containing cooling goods. Air drawn through special 
flues is, if the flues are in good condition, (piite free from objec- 
tion a) )le imi)urities. 

The use of wicket firen or stoves needs little description, as it 
is familiar to most brickmakers. After a chamber has been 
filled with bricks the door-gap is built iij), plastered with daub, 
and allowed to dry. If a wicket-fire is to be used, two o]>enings 
must be left in the door-gap, one to feed in the fuel for the fire 
and another to admit air to allow the fuel to burn. Home l)nrners 



prefer to construct a small fire-box by using a grate on wbieh to 
rest the fuel, but the more usual practice is to allow the fuel to 
burn on the ground (fig. 185). 

A couple of shov^elfuls of glowing fuel is Jiow idaced behind 
the door-gaps and the appropriate damper opened so as to connect 
the chamber directly with the chimney, the sides of the chamber 
having been, meanwhile, provided with iron (lami)ers, or with 
paper pasted on to the bri(;ks or over the openijigs in the walls 
between each chamber. The chamber is thus isolated from the 
rest of the kiln and is operated quite indet)endently. The tem- 
perature inside it is slowly raised by the addition ol‘ more fuel 
from time to time, until the bricks are thoroughly dry and of a 
temperature of at least 120“ C. The side dajiqKrs are -then re- 
moved, the door-gap openings filled in, the dami)er in tfie next 




KILNS 


271 



cliam})er which took the fire-gases to the chimney is closed, and 
the newly dried bricks are thus placed in circuit with the rest of 
the kiln. 

In some cases it is easier to have a portable stove to hold the 
fuel and to fit the exit pipe of this to the door-gap of the chamber 
to ))e dried, or to one of the feed-holes in the roof. Opinions 
differ considera])ly as 
to whieli is the best 
arrang<Mnent, and tlie 
author has made a, 
con si d eraide numher 
of tests to solve tlie 
prohlein. He has found 
that if the bricks are 
very damp it is better 
to use a. stove 8iii)ply- 
ing beat near the floor 
of the kiln and to 0 ])en 
several feed -holes in 
the roof so as to allow 
the steam a,nd gas('S to 
the contrary, the goods 
dried more evenly and 
several stoves supplying air through the 
feed-holes in the ar(di of the kiln in a 
downward direction. 

A conveident stove for use on the 
ground hwel is shown hi fig. 186. It 
consists of a grate enclosed in an iron 
chaml)er and in many res])e(‘ts resemhk^s 
a slab-boater (p. J6d) but is smaller and 
portable.. 

A stove (fig. 187) for idacing in the 
feed-holes of a continuous kiln consists 
of a cylinder about 12 to 18 in. high, 
its lower diameter being slightly less 
than that of the feed-hole. The fuel is 
placed on the. grate and the heated air 
})asses down into the cbainber beneath. 

Several such stoves should be used at a 
time, tlieir number and position depending on the rapidity with 
wliich the bricks can be heated (fig. 188). 


Fi(i. 18(». — Portable stove. 

escape in an upward direction. If, on 
are not j)articularly dam]) they can be 
ra])idly by using 



Fig. 187. — Stove for top 
of kiln. 
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Cooling chambers are usually made to supply hot air by 
either temporary or permanent flues. As the air entering these 
chambers becomes heated it rises, and such flues are, therefore, 
usually placed near the top of the kiln. For temporary flues this 
is the best position, but permanent ones should be built as low as 



possible in order to counteract the tendency to leakage caused 
by the greater movements of the upper parts of the kiln. 

Temporary Flues are usually made of sheet metal with an 
elbow at each end.* They are employed to connect the feed -holes 
of one of the cooling chambers with those of one newly filled, but 



Fig. 189. — Temporary flue in use. 


as these chambers may be a considerable distance apart it is 
advantageous to construct a permanent flue the whole length of 
the kiln, and to connect this by means of two separate temporary 
pipes to the cooling and warming chambers respectively. It is 
then possible to avoid the elbows on the connecting pipe and to 
make it as shown in fig. 189. 

Some burners prefer to cover four feed-holes, and for this pur- 
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pose provide a square, bottomless box at one or both ends of the 
connecting tube. 

The chief objection to temporary metal flues is the serious 
reduction of the temperature of the gases passing through them 
owing to the loss of heat by radiation. A minor difficulty is the 
tendency of the warm air to remain in the top of the kiln, instead 
of distributing itself evenly as it does when introduced near the 
bottom of the chamber. 

Permanent Flues are constructed of brickwork and are an in- 
tegral part of the kiln. The loss of heat by radiation is much less 
than with metal pipes, but the chance of leakage is much greater, 
particularly if the flues are in the upj)er part of the kiln where 
the movement due to expansion and contraction is greatest. 

One of the earliest arrangements of ])ermanent Hues for the 
supply of hot air is that devised by Dannenberg, and shown 
diagrammatically in fig. 190 in which A represents the cooling 



Fro. 190. — Dannenberg’s kiln. 

chamber and B the one to be heated. Air enters chamber A 
through any suitable opening and becoming heated it rises, passes 
through a series of openings in the roof, and through a transverse 
flue to the main hot-air duct (c). It passes along this till it 
reaches a i)oint near to chamber B, where it enters another trans- 
verse dvict and is drawn down through openings in the roof of 
the chamber, jmssing out through the floor and the main flue D 
to the chimney. It is convenient to use the feed -holes as open- 
ings in the roof of the cliambers, but care must be taken that no 
coal enters the cross flues. 

Owing to the tendency of hot air to distribute itself badly 
through a chamber to be heated in this way, better results will 
be obtained by the addition of a down-take flue connecting the 
main hot-air duct with the bottom of the kiln. The an’angement 
in fig. 191 shows this down -take flue. 

A better means of supplying hot air is that used in the 
’“Vaughan” kiln (fig. 192) in which a flue is constructed immedi- 

18 
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ately over the arch 'into which the air heated by its contact with 
the bricks in chamber A rises and passes to- the centrally situated 
flue running the whole length of the kiln. 

The hot air next passes through the down -take (also centrally 
situated) and under the floor of the chamber B, through the 
perforations in which it rises, and after drying and warming the 



^ Fio. IIU.— Spitta’K hot-air fliies. 

bricks is taken to the main flue. The 1enii)erature of the air 
entering cliamber B (;an be regulated l)y the amount allowed to 
pass down the down-take, and by admitting cold air through the 
external “ cold*air valve,” placed at the left of the chamber. 
This is very valuable when heating delicat(‘. clays. Hot air can 
be used for aiding combustion by supplying it to the fuel* on the 
grates, as well as for warming jiewly set goods. 



Eig. 192.— Vaughan’s kiln. 


A similar arrangement, but using arched flues instead of a 
flat one, is used in the “ Manchester ” and “ Staffordshire ” kilns 
(fig. 193), but in these the hot air is collected through more 
openings and conveyed to a much larger central hot-air flue, 
which is situated in much the same place as that occupied by 
the smoke flue” in fig, 192, about 6 ft 6 in. above the floor 
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level. This flue is so placed that it is unlikelj" to be disturbed 
by the movement of the kiln during heating and cooling, and 
consequently it is not liable to leak. In l)oth these kilns the 
hot air is taken by a flue leading from the bottom of the hot air 
flue (damper controlled) down the centre wall, and admitted 
through an opening in line with the grate at the end of the 
chamber, either over or under the bars. Tliis, alone, is used for 



Fio. 193. — FJue arrangement in “ Manchester ” and “ Staffordshire ” kilns. 

starting the fires, and afterwards the hot air from this flue, sup- 
plemented by air of atmospheric temperature, may l)e used for 
combustion purposes. The hot air is also admitted through 
openings in the toj) of the chamber, at points where, in practice, 
the vapour lias shown any tendency to linger, and thus secures 
thorough circulation in every jiart of the chambers for drying. 
The moist gases formed during the stoving, and the combustion 



Fig. 194. — “ English ” kiln. 


gases afterwards, are carried through (1) a damper-controlled 
flue leading from an ojiening in the outer wall of the chamtier, 
and thence under the floor to the central large smoke flue, and 
(2) through openings into a flue running right across the centre 
of the chamber, with separate connexions to the main smoke flue. 

Slight modifications of the foregoing arrangements of flues are 
used by several other firms ; a particularly ingenious system being 
employed in the “ English ” kiln used by the London Brick Co. 
at Flotton (fig. 194). In this, two hot-air flues run along the top 
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of the kiln, each being provided with a down-take to each chamber 
and an opening into the top of the chamber. These openings 
are controlled by flat valves, and the whole construction is such 
that no special valves are needed for the hot air as distinct from 
the steam-exit flues. This kiln is, however, designed for burning 
only common bricks. 

Instead of heating the air in the upper part of the kiln it is 
taken from below the floor in Brown’s patent kiln, special flues 
^as a in fig. 184) being arranged for this purpose, so that the 
heated air may be used to supplement that from the cooling 
chambers in drying or warming the bricks, or it may i)e used to 
facilitate the combustion of the fuel on the grate. 

Chamber Kilns , — The down-draught principle has been applied 
to continuous kilns by several patentees, with a view to obtain- 
ing a better colour on the goods than is possible with the original 
Hoffmann kiln. Broadly speaking, all continuous kilns emjdoy 
grates for the fuel work on the down-draught princijde, though 
it is only in special instances tha.t a bag- or flash-wall is 
erected between the grate and the goods to be heated. It is 
also more convenient for ordinary red bricks to remove the- 
gases from the side rather than from below the sole of the kiln ; 
but these variations are only slight, and a careful study of the 
directions in which the heat travels in a modern continuous kiln 
will soon show the preponderance of an up- and down-draught, 
or as it is usually termed a “down-draught”. This is particu- 
larly the case in continuous kilns fired by gas. 

The advantages of the down-draught principle in single kilns 
have already been mentioned ; the most important are evenness 
of heating, excellence of colour of the goods, and economy in fuel 
consumption. When applied to a continuous kiln this last ad- 
vantage is enormously increased whilst the others are retained, 
and for this reason continuous kilns in which this principle is 
largely used will be found to be best for facing bricks, tiles, 
terra-cotta, and other work where colour is of importance and 
the output required is large. 

In order that the down-draught principle may be effectually 
applied it is necessary to divi<le the tunnel of the kiln into a 
number of chambers by means of partitions permanently erected 
in the kilns — whence the name “ chamber ” kilns. Various 
forms of partitions have been patented (especially on the Contin- 
ent) but they may ali be classed under one of the following 
heads : — 
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(a) Solid walls with no ox)enings. 

(5) Walls with openings uncontrolled hy dampers. 

(c) Walls with openings controlled by iron, fire-l)rick, or paper 
dampers. 

Solid partition walls having no openings in them to the next 
chamber, are claimed to have been first introduced by several 
different persons, and the true originator is unknown. In most 
cases the connexion between the chambers is made by flues 
under the walls — a method which is open to the objection of 
great friction in the i->assage of the gases, as it is difficult to 
construct such flues of a suflScient size without enormously 
increasing the cost of tJie kiln. This method of separating the 
chambers is not much used in England but on the Continent it 
has met with considerable favour. B];itish brickmakors prefer 
to use small underground flues for the supply of hot air, and to 
leave openings in the i)artition walls which ctin be closed l)y 
dampers when required. 

Iron daiux)ers are easy to place in X)Osition wlien new, but are 
apt to warj) and become troublesome after some time, so that 
I)apor dampers are often preferre-d for i)artitioii work. 

Fire-clay dampers are excellent, if i)roperly designed, but are 
heavy to handle. Some good types have been used in kilns 
working as high as cone 1 7. A satisfactory damper may be made 
of slabs 12 in. high and 2 in. thick, the iron bolts holding 
them being i^laced in the centre and so fully protected from the 
heat. 

ra})er dampers consist of sheets of suitable paper pasted 
over the oj>ening8 with a little clay slip to which some dextrin 
has been addl'd, and in addition to being very cheap and easy 
to fix, they have the advantage of removing themselves auto- 
matically when the kiln is sufficiently hot to burn them. 

The i)aper used should be sufficiently thin to be cheap, but 
must be as free as possible from pin-holes. A light grade of 
brown pax)er is usually best, being stronger than newBpax)er and, 
if (‘arefully selected, less porous. It can usually be obtained in 
rolls of a convenient size weighing 1 cwt., and measuring ‘lO to 75 
in. wide. 

Toughness and resistance to water are iiecessary, as other- 
wise the i)aper would tear readily and the damx)er might break 
at a critical moment if sodden with condensed moisture from 
the bricks. When the openings to be covered arc'- too large for 
a Singh', pierce of i)aper, the pieces used should overlap by 2 in.. 
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the joints ))eiiig well fastened with flour-paste, as leaky joints are 
a frequent source of trouble. 

• Further details as to the use of those dampers are described 
in the section on “ Setting 

The use of permanent partition walls greatly improves the 
quality of the bricks produced, and enables the chambers to be 
worked more or less indei)endently when the supply of bricks is 
irregular, but kilns in which such walls are employed cannot be 
so economical in fuel as the original Hoffmann kiln, as the heat 
spent in raising the temperature of these walls is entirely wasted. 
Many attempts have been made to substitute portions of the 
walling by various other materials with greater or less success. 
The most satisfjictory method is to leave considerable spaces in 
the walls, and cover thtvse by dampers, which can be destroyed 
or removed when it is no longer necessary to shut off a chamber 
from the rest, as when its contents have attained a temperature 



Fig. 195. — Beyer’s double paper-damper. 


exceeding 120° C. When very wet bricks are to be dried in the 
kiln, two paper-dampers may be used with an air-space be- 
tween them, as suggested by F. Beyer, and working as follows : — 

Instead of setting the new bricks close to the paper-damper, 
as at present, two blades of bricks are omitted, leaving a space 
of about 2 ft. (fig. 195) which is only filled when the smoking of 
the chamber is complete. When the chamber is filled, paper- 
dampers are fixed to each end of the blades of bricks, and as 
there is a space of 2 ft. between these dampers there is ample 
room for the burner to step in and examine them as to their 
tightness during the smoking, and to repair them if necessary. 

As a current of air plays on one side of the paper, this resists 
the action of the heat and tlie moisture much better than the 
ordinary form of paper-damper, which is equally heated on both 
sides, and prevents it collapsing before the proper time. 

When the chamber is completely ‘Smoked and'ready to be put 
into the direct round of the kiln, the space between the dampers 
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is filled with bricks which have been previously dried, or it may 
even be left empty, if preferred, without in any way interfering 
with the working of the kiln, providing the outer wall is bricked 
up. The accompanying diagram (fig. 195) shows the position 
of the papers, as well as the portions of the kiln filled up with 
dry bricks, and included in the regular run of the firing. 

Steam is producetl in large quantities in most kilns, as it is 
seldom that all the water is dried out of the bricks. This is 
particularly the case with bricks made by the stiff-plastic pro- 
cess and set direct into the kiln ; many of these will lose one- 
seventh of their weight on burning, and the greater part of this 
loss will occur below a red hotit. For this reason the removal 
of steam is an important feature of all the^best continuous kilns, 
and they contain special arrangements for this purpose. 

As already pointed out, it is usuafly necessary to use some 
supplementary method of heating, such as hot air, or wicket-fires, 
to remove moisture from the goods and to raise their tempera- 
ture to at least 120° C. During this heating large volumes of steam 
are produced, and if these come into contact with cooler bricks 
condensation occurs and the bricks may be spoiled. It is there- 
fore essential to remove the steam as rapidly and completely as 
possible after it has been produced. 

A common method of doing this is to open the feed-holes in 
the chamber in which the steam is formed, so that it may escape 
through them, but this is only a rough-and-ready method and 
unsuitable for many purposes, and in the better kilns some 
system of steam-flues is provided. 

When unusually dry goods are being fired, the opening lead- 
ing from each chamber to the main flue may be used, but for 
wet bricks this is too small, or so far removed that condensation 
would occur in the bricks in the remoter parts of the chamber, 
and subsidiary flues are then essential. 

The position of these flues depends upon the direction in 
which the heat and steam are expected to travel, some burners 
preferring it to travel upwards and others downwards. The 
former use wicket-fires or stoves (figs. 185 and 186) near the 
ground level, or introduce warm air from other parts of the kiln 
to below the floor of the chamber to be warmed (fig. 191), whilst 
others use portable stoves fitting into the feed-holes in the roof 
of the chamber or flues which introduce warm air at just below 
the top of the arch (fig. 187), and others again introduce the heat 
at or near the ground level and withdraw the steam at the same 
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level, a sufficient number of flues being used to cany off the 
steam to the main flue (figs. 196 and 197). 



Fig. IDfi.— Dryirkg and removing steam at one level. 

It is essential that some construction be chosen which will 
permit the heat in the chamber to bejdistributed as evenly as 

possible and will avoid 
large ‘^dcad spaces,” 
though some amount of 
dead space (fig. 189) is 
unavoidable in almost 
every kiln. 

A simple form of 
steam -flue (fig. 198) may 
be e,oiiBtrueted l)y build- 
ing a flue under the kiln 
floor and connecting it 
to a small flue in the 
outer wall of each 
chamber, and controlled 
Fig. 197.— Drying and removing steam at llooi by a flat sliding damper 

(a). The main flue (/^) 
is, in this case, shown in tlie centre of the kiln. 

W. H. Sercombe,'iii the kiln known l)y his name (fig. 199), 
uses a similar construction for the main tire-gases, but jirovides, 
in addition, one or more steam outlets in the up])er ]>art of the 
kiln above the arcli, so tlnit each chamber has four or more 
steam outlets. 

In the “Manchester,” “Htaflbrd shire,” and Viiughan kilns 
also, the steam can be taken out from above or lielow, or l)oth, as 
desired (see pp, and 298). 
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The value of a Hue-system for removing the steam may he 
judged by the shortness of the distance tlie steam has to travel 
before it is removed from the chaml)er. When hot, steam is 
lighter than air and may best l)e removed from the top, but 
when near the condensation point it should l)e taken away from 
near the bottom of the chamber, hence two sets of openings or 
flues arc needed for its efficient removal. 



The draught of a kiln is usually produced by means of one or 
more chimneys, and providing these are of ample size and are 
in good order their use is satisfactory for most brick-yards. 
Chimneys are, however, subject to variations in drawing ])ower 
owing to climatic changes, and it is sometijhes diflicidt to work 
steadily with them. 



In an ideal chimney the weight of gases drawn through it 
Vfixies as the square root of its height, i.e, each added unit ol 
length increases the draught, but to a less extent than its ])re- 
decessors, so that by doubling the height of a chimney the weight 
of air drawn is only two or one and a half times the original 
amount. 

If the sectional area of the chimney is increased ])roportion- 
ately, so as to double the cross-sectiojj, the draught is doubleil. 
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Unfortunately it is not usually possible to enlarge the area of a 
chimney without first pulling it down. 

The temperature of the gases passing through the chimney 
is increased until a mean internal temperature of 300° C. is 
reached. Above this temperature the velocity of the gases does 
not increase with increase of temperature, and there is no ad- 
vantage to be gained by allowing gases to pass to the chimney 
at a higher temperature than will give this average inside the 
chimney. 

A thermometer placed at the base of the chimney, and read 
occasionally, ensures the prevention of waste heat passing to the 
chimney in unnecessarily large quantities. As the gases at the 
base of a chimney are hotter than those at the top this ther- 
mometer should never indicate a temperature of 500° C., and 
lower temperatures are ^better if the temperature at the top of 
the chimney can be ascertained. and the -mean. internal tempera- 
ture calculated therefrom. 



Fig. 200. — Diagram of chimney draught. 


When a fan is used, the gases may be cooled to 150° C. (but 
not lower) so that the advantage derived from the use of a fan 
lies chiefly in its ability to create a greater and steadier draught 
rather than in its actual economy of working as compared 
with an ideal chimney. Unfortunately few brickworks’ chimneys 
approach the ideal. 

In an ordinary single kiln the products of combustion are 
cooled by the bricks to be burned until these attain a high tem- 
perature, when the gases escape in a heated condition. Such 
conditions are more favourable to a chimney than to a fan, unless 
the gases are passed into another kiln or a dryer. 

In a continuous kiln, on the contrary, the object of the burner 
is to use all the available heat in the gases, and a fan is then 
preferable, as otherwise an abnormally high chimney would be 
required to obtain the best results. J. W. Cobb has shown that the 
effect of using chimney draught, and mechanical draught on the 
same kiln may be shown diagrammatically as in fig. 200, in which 
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the dotted lino marks the assumed distribution of temperature 
along the length of the kiln when the chimney is producing the 
draught. On putting a fan Into use and raising the draught the 
quantity of air drawn is increased, and in order to neutralize the 
cooling effect of the excess of air the rate of feeding in the coal 
must l.>e also hicreased. Two eftects follow : in the first place 
the temperature curve is flattened ; this necessitates more 
<jhaml)ers in use, and shows that the usable draught is limited 
by the number of chambers in the kiln. In the second place the 
peak of the temperature curve travels more quickly along the 
kiln, the chambers are burned more quickly, and the output 
increased. The increase in output can be effected with economy 
by increasing the draught until the limit is reached which the 
«ize of the kiln determines ; beyond this,, higher draught means 
waste of fiitd. It would be wrong to apply a fan to increasing 
the outinit of a kiln which has already as few chambers as will 
work well with natural draught, but by increasing the draught 
up to the mnximum so determined, economy is effected, be- 
cause the radiation and conduction losses from the kiln remain 
•constant, and so can be made to bear a smaller ratio to the total 
heat used. 

Biilirer has made excellent use of this principle in connexion 
with the kilns of his name (fig. 208). 

For the reasons just given, in the case of continuous kilns, 
mechanical draught is replacing that obtained by means of a 
-chimney and (erroneously) termed “natural ” draught, a fan be- 
ing substituted for the chimney. When rightly designed and 
properly cared for, fans give a more powerful draught and one 
which can be more easily and accurately regulated even in the 
windiest weather, and the result of this steadier working gener- 
ally leads to a consideralde economy in fuel, because there is no 
■“ waiting ” until a sufficient draught is produced, as is frequently 
the case with a chimney. They also cost less to construct than 
a chimney, but this advantage is to some extent neutralized by 
the cost of driving them, though the difference in running cost 
between a fan and a chimney is not so great as is popularly 
supposed. 

Owing to the general structure of continuous kilns an induced 
draught fan is preferable to a blower. Several fans very suitable 
for ]>rick-l)urning are now on the market, the best known being 
those made by Matthews & Yates, Ltd. (fig. 201) ; Sutcliffe Ventil- 
ating and Drying Co. (figs. 202 and 203) ; Sturtevant Engineering 
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. Co., Ltd. (fig. 204) ; James Keith & Blackman Co., Ltd. (fig. 
206 ). 

The speed at whicli a fan is run should not be greater than 
that necessaiy to produce the required draught, ae the power 
required to drive it increases as the cube of the speed. That is 
to \ say, if the speed is doubled, eight times the power is required, 
or if the speed is trebled, twenty-seven times the power would 
be necessary. In other words, small fans at high speed are not 
as economical as larger fans revolving more slowly. From this 
it follows that the best size of fan is one which at the lowest 
speed will be sufliciently large to produce the necessary draught 
in the kilns. Fans with inlets on both sides are generally 
considered to be ])etter than those with one inlet only, but 



Fio. 203. — Plan showing connexion of fan, kilns, and dryer. 


the diflerence is not very great if the fan is properly designed, 
well mounted, and of sullicient size. 

The construction of the fan should he as simple as possible 
in order that it may not easily get out of order, or cause un- 
necessary delay in waiting for special repairers ; but the designing 
and erection of both chimneys and fans must, to a large extent, be 
left to those accustomed to this kind of work, for the experience 
necessary to successful working is only obtained as the result of 
years of practical application. 

It is always wise to install two fans and to run them alter- 
nately, so that in the event of a breakdown the second fan may 
be available, though in a good continuous kiln little or no 
damage will be done before the fan can be repaired if only one 
is used, providing the dampers of the kiln are kept closed. The 
fans may be driven direct from a small engine attached to 
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them (fig. a06) or a belt may be used. The separate engine 
has the advantage that it can be run at night and on Sundays 



Fig. 204. — Sturtevant fan. 


and holidays without the necessity of keg^ing other machinery 
in motion. Oh these occasions they are looked after by the 
luirners. 

Fans can lie worked without any chimney, but it is better to' 
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allow them to discharge their contents 
preferred they may discharge into the 
tubes or flues of a dryer, though when 
this is done care must be taken that 
the gases do not come into contact 
with the goods to be dried or the bricks 
may be discoloured. 

Fans are largely composed of metal ; 
they must not come into contact with 
very hot ,gaBes, though a temj>erature 
of 200° C. will seldom do much harm. 
Unless it is unusually short no con- 
tinuous kiln should discharge its gases 
at a higher temperature than this. 


into a short stack, or, if 



Fig. ‘205. — Blackman fan. 
A^^ith single intermittent 



Fig. 206. — Sutcliffe's self-contained engine, boiler, and fan. 
kilns the gases may first be drawn through a dryer (fig. 207). 
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The increased draught obtainable wlien a fan is used enables 
the firing to be carried out more rapidly, and in some cases more 
than thrice the normal output of a kiln may be obtained by 
this means. Some of the best work in this connexion has been 
done by Jacob Biihrer, of Constance, who regularly burns at the 
unusual rate of 4 linear feet per hour in his patent kiln. As 
such a rapid rate of burning demands a great length of kiln or 
fire- travel, it is necessary to make each chamber correspondingly 
narrower than usual, and to avoid any inconveiiioiice caused by 
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Fif4. 207. — Kiln connected to dryer. 


the unusual length of kiln if it were to be built on the usual 
plan, Biihrer arranges his chambers as shown in fig. 208. 

This enables him to work with a large number of chambers 
(on a length of 25 yds.) in each section — steaining, full fire, and 
cooling — and so produces excellent results even with many 
delicate clays, though his kiln is best adapted for sandy clays of 
an open texture. A typical brick -plant worked on this system 
has a kiln tunnel 2 yds. wide, 2^ yds. high, and 100 yds. in length, 
and an artificial dryer comprising twenty chambers, 7 yds. long, 
2 yds. wide, and 2| yds. high, the draught controlled l)y a fan 
utilizing 10 h.p. running night. and day, and produces 10,000,000 
bricks annually. 
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The dryer is placed ne^r to the kiln, so that heat radiated 
from the latter may be used in the former. 

J. Osman & Co., Ltd., 
have recently introduced a 
similar kiln termed the 
“ Excelsior ” (fig. 209), for 
which they claim an out- 
put of 120,000 bricks per 
week in a kiln measuring 
only 66 ft. by 60 ft. the 
capacity for increased out- 
put without structural al- 
terations, and that it is 
cheaper to erect than any 
other continuous kiln on 
the market though at the 
time of writing no kiln of 
this design has been built. 

There is no reason to 
doubt that as soon as 
British brickmakers have 
realized the advantages to 
be derived from the use of 
mechanical drauglit, they 
will employ fans in plac.c 
of the present chimneys ; 
for continuous kilns the 
firms who liave already 
overcome the trifling diffi- 
culties which occyr when 
any change of method is 
used ill a works are higidy 
satisfied with the im])rove- 
ments and economies re- 
sulting in the use of 

draught produced by a fan. Quite apart from any other con- 
sideration, the increased regularity in the heating of the kiln is 
more than sufficient to pay for the installation of a suitable fan. 

Some firms have met with difficulties owing to their fans 
getting out of order. These arise most frequently when only 
one fan is used, and for this reason two should be installed and 
run alternately, or one may be used for the boiler fire and the 

19 
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other for the kiln if each is capable of taking care of both in 
case one fan should get out of order. It will then be found that 
the difficulties experienced in the use of fans will be less than 
the damage done to l)ricks by the climatic effects on a chimney 
and by having to lot the kiln “soak” because the wind is in the 
wrong quarter. 

Having thus outlined the main features of the best modern 
continuous kilns, five typical ones may be described. The first 
is a modern Hoffmann kiln in which the main features of 
the original pattern are retained, but which has been altered in 
.shape. This is suitable for common bricks. 

The second has given remarkal)ly satisfactory results in the 
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Fi(}. 209. — Plan of OBman’B “ Excelsior ” kiln. 


production of best facing bricks where colour is of great im 
portance. This kiln may also be used dor fire-bricks and othei 
goods requiring a high temperature. It is a typical chamber kiln 

The third is a kiln specially designed for burning blue bricki 
and has proved highly satisfactory for this purpose. 

The fourth is a tunnel kiln in which the goods travel along ii 
cars, the various parts of the kiln each remaining at a definiti 
temperature. 

The fifth is a gas-fired kiln. 

In thus selecting one design in preference to others th( 
author’s sole aim has been to choose the ones which, in hii 
opinion, contain the best features and fewest objectionable quali 
ties. He holds no brief for the particular kilns described and ha 
no financial interest in their success, but having found then 
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succeed where others have failed, and having studied all the best- 
known kilns with equal care, he has selected these as represent- 
ing, in his mind, the simplest and best design for the purpose yet 
published. Those brickmakers who are interested in other kilns 
may compare them with the ones described with considerable 
interest. 

A modern continuous kiln with sixteen chambers, for pro- 
ducing common bricks, is shown in figs. 210 and 211. This kiln is 



Fid. 210.— Section of modern Hcffmann kiln. 



Pto. 211.— Cross section of modern Hoff- 
mann kiln. 


the one last recommended l)y Frederick Hoffmann, though tliere 
are numerous variations of this design used in different works. 
It consists of an elongated, endless tunnel or “ring” in which 
the bricks to be burned are 
placed, and a central )>ody 
of masonry fitted with linos 
connected to m chimney- 
stack. 

In former times only 
twelve chambers were used, 
and the kilns were circular in pattern, luit these are too short, 
and the shaj)e shown in fig. 212 is noAv almost universal. This 
pattern of kiln can be Imilt for any desired output from 500,000 
bricks per annum upw'ards. 

In tlie Hoffmann kiln (figs. 210 and 211) the chimney is usually 
placed near the centre, each part of the tunnel being connected 
to it by ]neans of small flues discharging into a central main 
flue, which in its turn discharges into the chimney. 

These flues are represented by dotted lines in fig. 212, in which 
the chimney is built outside the kiln so as to avoid the necessity 
of so massive a block of masonry within the kiln itself. The 
older types of Hoffmann kiln (fig. 182) had all the flues arranged 
on the central wall of the kiln, but in the one shown two flues 
are arranged for each chamber at the end of the kiln — one on 
the outer wall, and one in the inner masonry. The additional 
flue is useful in reducing the friction of the flue-gases and in 
distributing the heat more evenly in these parts of the kiln (in- 
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cidentally it may be noted that W. H. Sercombe uses this ar- 
rangement in each chamber and not only at the ends). 

These flues are con- 
trolled by conical dampers 
to which are attached 
vertical iron rods operated 
from the top of the kiln. 
The extent to which the 
dampers are opened is 
usually regulated by a 
board or horse” with 
^ holes in it, pegs fixed in 
M the holes passing through 
I a ring at the other end of 
S the damper rod. This ar- 
jO rangemont is clumsy, and 
g far easier regulation is 
*1 obtained if the damper- 
S rod is surrounded by a 
® collar as shown in fig. 2ia 
g working on a hinge in 
I. such a manner that on 
I lifting, the rod can be 
g raised easily, but it will 
^ not sink unless the collar 
be kept perfectly level by 
depressing the “ stop ” on 
the other side of the hinge 
with the foot. Damper-rod 
holders of this typo can 
be obtained very cheaply 
from T. Burnett & Co., Ltd., 
Doncaster. 

The fuel is fed into the 
kiln through holes in the top into .hollow pillars formed of 
green bricks when the kiln is being set, the preliminary warming 
of the goods being effected by hot air drawn from the cooling 
bricks and conveyed by a hot-air flue in the centre of the kiln 
and above the main flue, and by a temporary metal flue (m) 
to the portion of the kiln to be heated. Other arrangements for 
the supply of hot air have already been described (p. 272). 

The kiln is provided with sixteen wickets or door-gaps through 
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which the goods enter and leave the kiln. These wickets are 
bnilt up as soon as the portion of the kiln nearest to them has 
been filled. As it is essential that no air should leak through 
these, the brickwork used to fill them is thickly plastered with 
clay paste or “ daub 

The fire travels steadily forward around the kiln, the gases 
passing through a sufficient number 
of bricks to utilize the greater part 
of the heat they contain, and the, 
heat fpm the finished bricks being 
utilized to dry freshly set ones by 
means of the hot-air Hues already 
described. 

As originally designed, no hot- 
air flue was used in the Hoffmann 
kiln, though few are now built 
without some moans of using the 
hot air from the cooling chambers. 

J. Osman & Co. claim that the use of 2l3.-Clamp for damper rod. 

this hot air in their kiln ^‘effects a saving of 40 per cent 
of fuel over and above the ordinary (i.e. original) Hoffmann 
kiln,” and other modern kiln -builders make similar statements, 
but the saving effected is the result of several factors and not 
merely to the use of hot air. The Osman “ New Perfect ” kiln 
is practically a Hoffmann kiln similar to the one shown in 
figs. 211 and 212, but the hot air is convoyed through permanent 
hot-air flues placed in the upper part of the kiln instead of 
through temporary ones, in a manner similar to fig. 189, except 
that the hot-air flue is placed centrally in the kiln and the main 
or smoke flue is below the ground level on. the circumference 
of the kiln. As already pointed out, the weakness of this ar- 
rangement is the liability to leakage due to the movement of 
the kiln, and to avoid this J. Osman & Co. are now placing 
their hot-air flue much lower than formerly, and are admitting 
the air to the bottom of the chambers to be warmed, its steam 
escaping through an up-draught flue connected to the main 
flue. 

The progress of the fire depends upon the speed at which the 
clay can be heated and cooled ; the usual rate is 6 in. to 1 ft. 
per hour, but if the kiln is sufficiently long and well managed 
double this rate should be reached with normal clays. By the 
use of a mechanical draught J. Biihrer is able to use a rate of 
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fire-travel four or five times as fast as that usually employed 

(p. 288). 

The tunnel should be as long as possible, the width being not 
more than 16 ft. and preferably much narrower. 

The walls and other masonry must be strong and well built 
of good materials. Several kilns known to the author are scarcely 
fit to use, though they have only been erected a few years, 
through failing to comply with these requirements. Hrickmakers 
should remember, in comparing tenders for a kiln, that the 
I cheapest is often the least durable. 

For ordinary use the kiln may be built of any good bricks, 
but for unusually high temperatures a fire-brick lining is 
necessary. The arches and door-jambs should be built with 
special made arched bricks and bull-noses respectively. The 
foundation of the kiln must be dry, or a special bed constructed, 
as a damp floor causes a great waste of fuel. 

The upper part of the tunnel or ring is usually arched (as 
shown), but it may be replaced by a temporary layer of ashes if 
required. The arches add considerably to the cost of erection, 
but are permanent ; the ash-layer top costs but little, but must 
be renewed each time a chamber is filled. Hence for temporary 
work an “ archless ” kiln is to be preferred, but if the kiln is to 
be used for several years the usual form will prove to be more 
satisfactory, especially where better class bricks are required. 

The construction of <archless kilns of the semi -continuous 
type was patented by Bull in 1876 and of the continuous type 
by Bock (in Germany) in 1896. The first of these has long been 
used in India and China, in spite of several disadvantages in- 
volved in the use of the movable chimneys it employs. 

Several British patents have been taken out for “ archless ” 
continuous kilns, one of the most satisfactory being that of H. 
Harrison, Manchester. In this kiln the door-gaps or wickets 
are sufficiently wdde for a horse and cart to enter, and the bricks 
are loaded direct. As the ash-layer forming the roof can be 
removed in a few minutes the kiln can be emptied easily and 
rapidly, as it cools more readily than the arched form. When 
a new chamber has been filled with' bricks a layer of burned 
bricks laid close together is placed on the toj), the usual “ pot ” 
holes being left for feeding in the fuel, and the whole is covered 
to a depth of 4 in. to 6 in. with ashes. 

The cost of this work is very low, as it can l)e done by two 
boys who can also do other work in the intervals. The comple- 
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tion of the firing of any part of the kiln can be seen by that 
portion of the “ roof ’’ being lower than that on the insufficiently 
fired portions. 

The Harrison kiln also differs from the ordinary Hoffmann 
kiln in the disposition of the flues, the main flue running along 
two sides of the kiln (as in fig. 220) instead of down the centre, 
and in the use of a fan. 

All continuous kilns should be covered with a wooden and 
glass roof, the space between this and the kiln being match- 
boarded and fitted with doors for ventilation. The roof not only 
affords ample protection for the workman, but, by keeping the 
fuel and top of the kiln dry, it reduces fuel consumption and 



Kio. *214. — Dryer built around kiln. 

increases the durability of the arches. The cost of such a roof 
is often regarded as an unnecessary expenditure ; but it will be 
found that it is really economical to have a good one erected. 

In Germany it is customary to surround the kiln with a 
dryer (fig. 214), but this arrangement is not much used in 
Great Britain. 

If properly constructed, a kiln of the type just described 
should burn lUOO ordinary bricks with a maximum of 4^ cwt. of 
good coal, but with certain shales less than half this will be re- 
quired. The fuel consumption of some patent continuous kilns 
is seriously understated. 

For very large Kilns with twenty-eight or more cham})ers two 
inde])endent fires and two chimneys (fig. 215) are often used 
and considerable economy is thereby realized. 
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Tht> ordinary Hoffmann kiln is not suitable for the produc- 
tion of more than 60 per, cent hieing bricks, and for bricks con- 
taining much combustible matter ; for both these kinds of bricks 
chamber kilns (p. 276) should be used. 

The “Staffordshire” kiln (figs. 193, and 215 to 217) is emin- 
ently adapted for the production of best facing bricks, as it is a 
chamber kiln employing grates so as to keep the fuel out of con- 
tact with the goods, and has ample facilities for using hot air 
and for the removal of steam. This kiln, patented by Dean, 
Hetherington & Co., must not bo confused with the ordinary 
pottery kiln used in North Staffordshire, although such mistake 
is natural, considering the title of the nc'wer kiln. 

Tlie means of supplying hot and cold air to different parts of 



Fio. 216. — Plan of “ Staffordshire ” kiln. 


the kiln are much more complete in it than in any kiln yet 
built, and, as only one face of fire is used in each chamber, this 
kiln is capable, under good management, of giving results equal 
to the best down-draught kilns with a coal consumption as small 
as in continuous kilns. This is brought, about by the combina- 
tion, in a continuous kiln, of damper-controlled passages leading 
from the outer air to Hues under the fire-grates in the bottom of 
the kiln in each chamber, as shown in the illustrations (figs. 19^, 
^16 and 217), and of similar flues leading from the hot-air flues 
and from the outer air in such a way that, by appropriate con- 
nexions, ciir of any desired temperature and in any desired volume 
may be admitted to any part of the kiln. The ordinary diffi- 
culties experienced in connexion with warped dampef's are also 
to a largo extent eliminated by their position and shajje. 
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By suitably working the dampers the following results may be 
obtained : — 

(а) By opening dampers 11 and 18 the whole or part of the 
hot air from the finished or cooling chambers may be admitted to 
the chambers containing the freshly set goods, and the steam 
resulting from the heating of these goods led away from the top 
through fines 7 and 3 to the chimney. 

(б) By opening the dampers 16 of the flue 13 hot air from 
fine 5 may be led under the grates 14 to develop the highest 
possible temperature in the finishing chamber, or to distribute 
hot air uniformly from the hot-air fine 5 to a chamber contain- 
ing green goods. 



Section on line CC in fig. 210. 

Fig. 217.— Cross sections of “ Staffordshire ” kiln. 


(c) The admission of cold air to a cooling chamber is kept 
under perfect control by means of dampers 18 and flues J 7. 

{d) The temperature of hot air entering a hot chamlier from 
one that is cooling may be perfectly regulated ])y the admission 
of air through flues 17 and 19. 

(e) The volume of air admitted through the various flues 
allows a nice adjustment for reducing and oxidizing atmosphere. 

(/) The fire and hot gases may pass from chamber to 
chamber, through openings 10, whilst cold air only is admitted 
to the under side of the grates 14 through flues 17. 

(g) Any chamber can be completely sealed by closing all the 
dampers, thus allowing of good annealing. This arrangement is 
also of great value where the goods are liable to catch fire spon- 
taneously. 
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Some further particulars of the hot-air flues will be found 
on p. 274. It will thus be seen that in this kiln the whole of 
the hot air from such cooling chambers is taken direct to the 
main central hot-air flue, and can thus be admitted into any 
chamber in any part of the kiln. 

The air for combustion purposes, independently of that sup- 
plied from the hot-air flue, is admitted at each end of the 
chamber, through dampered openings in the top ; thus becoming 
heated on its journey to the grate. The temperature of this hot 
air can be further regulated by air admitted through a flue lead- 
ing from the outside to directly under the fire bars. 

The flues of the Manchester ” kiln are similar and are so 



arranged that certain of them can be equally easily used for the 
collection of hot air, or for carrying away the steam as in the 
“ English ” kiln (figs. 194 and 218). The hot air is admitted into 
the chambers both at the floor level and through openings in 
the top. 

In order to adapt them to the special characteristics of 
certain clays, the kilns built often difler in minor particulars 
from the description just given. 

Most chamber kilns — the type most suited for use where facing 
bricks are to be made — are built with arches running trans- 
versely to the travel of the fire. This has the disadvantage of 
losing a certain amount of heat owing to the additional masonry, 
but it e]ial)les the chambers to be built of almost any size and 
much larger than is practicable where the arch is longitudinal, 
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when 18 ft. is the maximum width. The travel of the fire is also 
more regular in kilns with transverse arches. The London Brick 
Co., of Fletton, use what is known as the ‘‘English” kiln, the 
chief feature of which is the ingenious system of hot-air flues. 
These are ])laced in two parallel rows on top of the arches, the 
dampers taking the form of circular plates or lids (flg. 194), the 
position of which deterjuines the direction of flow and tl\c amount 
of hot air allowed to enter or escape from any chamber. The fire- 
gases pass through openings in the wall between the chambers 
(figs. 194 and 218). 

This kiln is not intended to produce facing bricks of first-class 
colour, but for use with certain shales it is found to give groat 
satisfaction, producing a great heat with a low consumption of 
fuel, th(' hot-air system being so arrangt‘.d that very damp bricks 
can be set direct into the kiln. 

The foregoing kilns can be used at the high temperature 
used in blue-brick and fire-brick making, but a special kiln for 
this purpose has advantages, as by using two fires the chambers 
can be large and the waste of heat due to small chambers can 
be avoided. Kilns of this type are well known on the Continent, 
but in this country the only one which has proved successful is 
that patented by S. Barnett and R. J. Hadlington, Dudley Port, 
Btafls, the essential features of which are (1) the use of trans- 
verse arches, (2) of two grates or fire-boxes to each chamber, and 
(8) the direct connecting flues between each chamber. Kilns very 
similar to this have been patented by G. Oakland and others, but 
they used one fire-trough, divided into a number of boxes or 
bags, in which the fuel is burned on a solid floor as in Guthrie’s 
patent, and the connecting flues are less suited for careful re- 
gulation at the higher temperatures necessary for blue -and fire- 
brick burning. 

The Barnett and Hadlington kiln may be regarded as a series 
of separate chambers with a slight space between each; this 
space may be used to contain the connecting flues and dampers 
regulating the supply of air. Owing to the desirability of large 
chambers the arches are built transversely. The fuel is fed ex- 
clusively from the front of the chamber as in the Belgian 
kiln. 

The gases arc not led directly through the partition walls of one 
chamber to another as in most continuous kilns, but pass through 
perforations in the floor (as in a down-draught kiln) and thence 
to the following chamber. The perforations in the floor are at 
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one side of the kiln, opposite to that at which the gases enter, 
but the main flue (through which pass the gases produced by 
the fuel on the grates within the chamber) is in the centre of 
the floor. 

The use of this second flue at the side of the cham))er 
farthest from the point of entry of the gases is important, as it 
tends to produce a better distribution of the warming gases, 
whilst the centre flue is to be preferred when fuel is actually 
being burned on the grates, because it concentrates the efiect of 
the flames, and then distributes the gases evenly throughout 
the goods during the hottest part of the firing. In other words, 
this kiln utilizes the old idea of a grate at one end of a chamber 
and a flue at the other during the earlier part of the burning, 
but during the last forty -eight or fifty Ijours the heat from the 
two grates is concentrated by shutting ofi‘ the side flue and using 
the centre one. 

In this way, it is possible, in so far as respects the products 
of combustion of the fuel, to reach a very high efficiency in the 
transference of heated air from one chamber to another, and 
the successful drawing off of the steam, and its conveyance to 
the smoke-shaft. 

Steam is removed and the goods dried with regeneratively 
heated air (partly from the cooling chain ])er8) which is also uti- 
lized for supplying hot air to increase the temperature of the 
chambers under fire, or to assist in starting the furnaces of a 
chamber into which fuel has just been jdacod. It is conveyed 
through four or more large openings in the sides of the chamber 
containing cooling goods, through flues running underneath the 
chambers and up through other flues (controlled l)y sliding 
dampers) to the fire-grates of the chamber where it is to be used. 
It is then drawn through a special set ot‘ flues into the main 
leading to the chimney-stack, so that if used for goods con- 
taining much moisture the steam produced does not come in 
contact with any other goods, but goes direct to the chimney. 

The additional air required for supporting the combustion of 
the fuel on the grates, or for completing the ignition of any im- 
perfectly consumed gases, is supplied partly through the grate 
bars (the ash-pit being then kept open to the air) and partly by 
means of a small flue connecting the space above the grate- 
bars with the hot-air flues from the cooling chambers, and also 
with the open air, this open-air port being controlled by a 
damper about 8 ft. from the ground. In this way any desired 
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mixture of hot and cold air may be supplied to the contents of 
a chamber. 

These apparently elaborate arrangements for controlling the 
air- and fuel -supply and the speed at which the burning takes 
place cannot be satisfactorily shown in one or two small illus- 
trations, but they are, in reality, far simpler than appears at first 
sight, and little difficulty is found in obtaining perfectly satis- 
factory vitrified blue bricks or well fired fire-bricks from this kiln. 
The accurate burning of the fuel is essential to the production of 
a good colour and a proper degree of (hmsity or vitrification, and 
the author has found that tiie damp(‘rs (even after several years’ 
constant use) work so accurately that the appearance of the 
fiame of the hot gases in the chambers can altered with the 
greatest nicety, or smothered out altogether by sim])ly moving 
the appropriat(} damp(‘rs. This speaks highly for the soundness 
of the eonstrnction, and tin* careful idacing of the dampers 
where they will work effectively and b(‘ l(‘a.st affected willi the 
heat. These dainpers are chieily in th(‘ form of slabs of fire- 
clay or of the usual (Conical ]>attern. Th(‘ Bock, Diesener, and 
Mendheim kilns, which are greatly used in (icrmany, art*- ar- 
ranged on the same g(‘neral i)rinciple. 

Tunnel kilns are those in whicli fh(‘ goods are placed on wag- 
ons and travel through a heat(‘(l tunnel, whereas in the ordinary 
continuous kiln the heat travels whilst the goods remain sta- 
tionary. Whilst very useful for light goods (i)ottery, etc.) tunnel 
kilns have not become popular in this country, though numerous 
patents have been obtained. In France*, several are in satisfac- 
tory use for brickmaking. 

The chief objections urged against them are the jolting of 
the goods on the cars and the difficulty in repairing the kilns 
without stopping the works, but neither of these objections is as 
important as many brickmakers imagine, though the former is 
the more troublesome with tender clays. 

The great advantages of tunnel kilns are the absence of 
“ setting ” — the bricks, being loaded on to the cars at the ma(;hine, 
remain on them until the drying and burning is complete — the 
small waste of fuel due to its all being delivered at one spot in- 
stead of over a larger area as in the ordinary continuous kiln, 
and the economy in fuel consumption which is fully equal to, if 
not greater than, that of the Hoffmann kiln. 

A tunnel kiln for bricks is shown in fig. 219, which represents 
a cross-section. The whole kiln should be at least twenty times 
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the length of a wagon. As the goods enter the kiln they are 
subjected to the heat of the waste gases, and as they pass out 
they give up their heat to 
the incoming air which, 
being pre-heated in this 
manner, effects a better 
coml)ustion of the fuel. 

In the Bock kiln, gas 
from a producer enters the 
central portion of the kiln, 
rises through the flues, and 
enters tlie l.mrners wliore it 
meets with the pre-heated 
air in another chain l)er. 

The goods are placed on a. 
single deck car, tht^ toj) of wJiich is a flre-clay slab. It is essential 
to use gas as a fuel, as in no other way can absolutely continu- 
ous heating without variations due to the removal of ashes be 
obtained. 

The chief difiiculty to bo overcome is the effect of the intense 
heat on the wagon carrying the goods and on the brickwork in the 
hotter parts of tJie kiln. There is also a minor difiiculty that air 
leaks between the sides of the wagon and the kiln, and prevents 
the proper heating of the goods. In spite of their advantages, tun- 
nel kilns are scarcely likely to become popular for brick-burning. 

Gas-fired continuous kilns have been known for many years, 
James Dunnachio having erected one at Glenboig in the year 
1881, yet many attempts have been made to apply gas to kilns 
which have resulted in d isastrous failures. Two principal reasons 
for these failures may bo given: those attempting to use gas did 
not (1) know how to burn it, and (2) permit it to enter the kiln 
at the proper point. Subsidiary failures have been due to at- 
tempting to use cold instead of hot air for mixing with the gas, 
and other equally impractical ideas, the result of ignorance of 
the characteristics of the gas used. 

It is generally thought that gas-fired kilns are difficult to 
manage and that they eftect an enormous economy in fuel. 
Neither of these ideas is correct. A properly constructed gas- 
fired kiln is quite •eas)’’ to manage — the difficulty lies in the de- 
sign and not in the manipulation — and the fuel-consumption 
is practically the same as that of any equally well-designed coal- 
fired continuous kiln. 



Fig. 219. — Book’R tunnel kiln. 
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The real advantages of gas are its greater cleanliness, the 
better colour obtained on the goods, greater regularity in heating, 
and, above all, the greater finishing temperature which can be 
reached when gas is used. This last is of the greatest impor- 
tance in fire-brick manufacture, though few British makers of 
refractory goods realize this fact. 

The number of designs of continuous gas-fired kilns is already 
very large, and it must, therefore, suffice to describe only three of 
the best known ones. A kiln built according to SchmatoUa’s 
designs has been described already (p. 257). It is much newer 
than the Mendheim and the Dunnachie kilns. The Mendheim 
kiln is a great improvement on some of the earlier designs, and 
is practically a series of down-draught kilns connected to each 
other, the gas being bjirned in ‘‘ bags at one side of each 
chamber, and the products of combustion, after distributing 
themselves through the chamber, pass away through perforations 
in the floor to the “ bag ” of the next chamber or to the main flue. 

In the most recent gas-fired kilns by G. Mendheim the gas 
enters at the four corners of each chamber and rises up the bag- 
walls, the product of combustion then passes out through a 
central opening in the floor which delivers them to the bags of 
the next chamber or to the main flue. This arrangement has 
the advaiitage of using a minimum number of dampers. 

The Mendheim kilns appear to be rapidly increasing in 
popularity on the Continent. 

The Dunnachie kiln has been chiefly used in connexion with 
fire-brick burning, though well adapted for ordinary bricks, but 
it has not been the policy of the inventor to encourage the erec- 
tion of similar kilns in this country or in Scotland, and conse- 
quently the kiln, though well-known by name, is not familiar to 
more than a few privileged workers as regards its constructional 
details. Abroad (where the possibility of competition does not 
exist) a number of Dunnachie kilns have been built, and, when 
the original design has been closely followed, have proved quite 
successful and economical. It is, indeed, only to be regretted 
that more do not exist in this country. The Dunnachie kiln has 
a solid floor, thereby overcoming one of the greatest disadvan- 
tages of the Mendheim kiln, and the larger flues give a more 
satisfactory control as well as more rapid burning of the goods, 
and at the same time become much less easily choked. 

The gas producer used may be of any type supplying gas at a 
pressure of about one-hundredth of an atmosphere (4 in. water- 
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column), though at Glenboig the Wilson producers are the ones 
actually used. 

The Dunnachie kiln presents a very dififerent appearance to 
the ordinary continuous kiln because of the great distance 



Fig. 220. — Flan of Dunnachie kiln. 


between the two rows of chambers. In the ordinary coal -fired 
continuous kiln, with sixteen chambers, twelve are placed back 
to back close together, and the remaining four are placed two at 
each end of the others, so as to form a comjdete “ring ”. In the 
Dunnachie kiln (fig. 220) on the other hand, there are only ten 
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chambers placed in two rows of five, and with a space of 20 ft. 
between them, the chambers at the end of each row being con- 
nected by underground flues (J and M). In the centre of this 
space the gas valves are arranged, and, if roofed in, the space 
forms a convenient room for drying goods, being kept warm by 
the heat radiated from the ends of the chambers, and the heat 
which would otherwise he lost by this arrangement of the kilns 
is made use of, to the general advantage of the works. If 
desired, the space above the kilns may also be roofed in, and 
used as a making and drying floor — a custom particularly common 
with continuous kilns in Germany, but not so popular in Great 
Britain. 

The chambers used at Glenboig have a capacity of about 

18.000 bricks and measure 17 ft. by 10^ ft. by 10^ ft. internally, 
and worked at ordinary ';^peed can produce an average output of 

400.000 fire-bricks a month. 

The chimney is placed at one end of the ^structure, the main 
flue leading to it being placed around the sides, as shown in 
fig. 220. This plan necessitates some loss of heat in the main 
flue, but as the gases passing through it are at a comparatively 
low temperature this is not considered to be of much importance, 
especially as the* chimney -draught can be accelerated to any re- 
quired extent by means of a fan. It is certainly better that the 
heat should be lost from the main chimney -flue rather than from 
the flues conveying hot gas to the kilns, which seems to be the 
only other alternative if the present simplicity of arrangement 
and accessibility of flues are to be maintained. Under such con - 
ditions a blower may be used instead of, or in addition to, the 
chimney- or fan-draught, but this requires care, or its use may 
become dangerous. 

“ Steaming ” or “ smoking ” of the goods is eftectually carried 
out by burning a small quantity of gas mixed with an abundance 
of cold air in the chambers to be smoked, or, if there is a suf- 
ficient supply, hot air from the cooling chambers is used. Dur- 
ing this steaming,” openings in the arched roof of the chambers 
(corresponding to the “ feed-holes ” in the ordinary kiln of the 
Hoffmann type) and the ports G (fig. 220), near the floor level of 
the kiln, are kept open until the whole of the steam has been 
removed, and the goods are distinctly hot ; they axe then closed. 

The burning then commences by admitting gas at a tempera- 
ture of about 600° Fahr. from the producers through the flues R 
through valves A, hot air for its combustion being supplied at 
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the same time from the chamber which has just finished firing. 
It is the employment of the heat in the finished goods for heat- 
ing the air required for the combustion of the gas which consti- 
tutes the principal feature of the Dunnachie kiln, and is the chief 
cause of its success. This kiln was, in fact, the first in this country 
to combine the advantages gained by the use of gas as fuel with 
the “ regeneration ” of the air used for its combustion by means 
of the waste heat from the burned-off chambers. This principle 
of heat regeneration has been recognized for nearly a hundred 
years, and was applied with remarkable success in 1856 to the 
melting of steel by the late Sir F. Siemens, but the credit of its 
successful application to the -requirements of the clay industry 
must be given to Mr. James Dunnachie, who first employed it in 
the kiln now under consideration. For its application to single 
kilns see fig. 177. ’ 

The air is heated in a manner very similar to that now 
t‘m])loyed in most continuous kilns using coal, by drawing it 
through the chambers containing finished goods which are still 
very hot (in the case of fire-bricks of best quality the air is heated 
to a ‘‘ blue white heat ” before it comes in contact with the gase- 
ous fuel). It is conveyed from one chamber to another by 
openings in the floor of the chaml^ers leading to a fiue beneath, 
thence through slits in the brickwork to another fiue, and thence 
through openings in the arched roof of tliis latter fiue into a 
smaller fiue, from which it passes a.t, or slightly below, the floor 
level of the kiln into the next cdiambor by means of a series of 
openings, the size of which is calculated so as to supply the 
correct proportion of air to the gas. (Usually the capacity of the 
air-openings is two and a half times that of the gas.) As these 
air-openings extend the whole length of the chamber also, oven 
heating is thereby effected. 

The gas catches fire where it comes into contact with the air 
a little ])elow the floor level, and for some distance above it, the 
flame rising a considerable height in the chamber in huge sheets 
of a clear bright colour, and practically free from smoke if the 
air and gas are in the correct proportions. The products of 
combustion then pass through the following chambers, heating 
the bricks in them, until the heat left in the gases is so small as 
to be of little value, when they are turned into the main flue 
leading to the chimney. 

If, for any reason, a supply of air is required at a higher level 
than tlie floor of the kiln it can be supplied by opening dampers 
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in othor flues (not shown) which are so arranged as to supply hoti 
air from the preceding chambers or, by opening dampers at 
their ends, cold air can be supplied in any desired amount to 
l-he chainl)ors. These flues are not generally required unless 
the firing in the Imrning chamber is not hot enough, or when the 
chamber is too hot and cold air must be supplied to prevent 
the bricks melting. 

All tliese air-flues and gas-flues are controlled by dampers 
and valves of a simple character, and the Bupjdy of hot air or 
(*old air and gas can be regulated witli the greatest nicety to the 
changing conditions of the kiln. 

The “round of the kiln ’’when burning fire-bricks is somewhat 
as follows : — 

No. 1 Cham1)or — Being emptied. No. 2 Chamber — Open and 
cooling. No. Chambei— Bed hot, being cooled by air su})plied 
through Hue at its base, and carried on to No. 4 Chamber. No. 
4 Chamber — White hot, being cooled by air from No. 8, which is 
passed on to No. 5, No. 5 Chamber — In full fire for 86 to 48 
liours, being supjdied with hot gas from the producers and with 
“white hot” air from No. 4. No. 6 Chaml)er — Very hot, being 
lieated by products of combustion from No. 5. No. 7 Chamber 
— Heating up to red heat by gases from No. 6. No. 8 Chamber — 
Steaming for forty-eight hours. Filk>d with green bricks. No. f) 
Chamber-^Filling with gi'een bricks. No. 10 Cham])er — Em]>ty, 
ready for filling. 

The cooling of each chamber takes about seventy-two houi^s, 
though varyingwitJi the nature of the goods. It can be accelerated 
by the use of a Idnst of cold air blown into the top of the chamber 
during the last day of the cooling. The hot air thus obtained 
may })e used for the kiln, any excess being employed for heating 
dryiiig sheds, etc. 

Though essentially designed for the highest temperatures 
used in fire-brick making, the Dunnachie kiln can l)e equally 
well employed with common bricks, for salt glazing (in which 
case a perforated floor is used so as to secure a draught inside as 
well as outside the goods), and for ordinary pottery purposes, 
though its advantages at lower temperatures are less important. 
For many purposes, though still capable of improvement, it is- 
undoubtedly the greatest advance in firing that has been made 
since the invention of the continuous kiln by Hoffmann, as the 
employment of gas at high temperatures greatly lessens the re- 
pairs needed by the kilns, and by reducing the labour necessary 
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for supplyinjT the fuel it enables the number of men employed 
for a large number of kilns to be considerably reduced, and 
renders their work more accurate and under better control than 
when a coal-fired kiln , is used. 

There is undoubtedly a great opening for the further applica- 
tion of gas to the burning of all kinds of fire-bricks, and the suc- 
cess which has attended the Dunnachie kiln ever since its 
introduction should give brickmakers an incentive to adapt 
their own kilns as far as possible, or to seriously consider the 
advisability of erecting fresh ones to be fired exclusively with 
gas. The reason why most firms are afraid to make the change 
is that they have heard or read of numerous and expensive 
failures to apply the gas properly to the kilns — due as already 
explained to the belief that it should be introduced near the top 
of the chain tiers — and are afraid to risk their own capital in ii 
similar venture. This is bad business, because it is looking at 
the subject from one side only instead of regarding it from every 
j)oint of view. The fact that some kiln-builders recommend a 
certain class of kiln is not by any means conclusive evidence 
that the facts which tell against their own invention are by any 
means fairly represented. This is where the advice of an en- 
tirely independent expert comes in, provided that one can be 
assured that he is independent. 

The success which is being obtained in the adaptation of gas 
to the firing of single kilns is drawing considerable attention to 
the subject of gas-firing generally, and the application of this 
fuel to the general firing of refractory goods is only a matter of 
time. 

The construction of gas-jiroducers requires special knowledge, 
and should not be attemjited by the brickmaker except under 
reliable supervision. The general principles involved can be 
learned from special books on the subject, but practical experi- 
ence is essential. 

The use of a gas-producer also requires a slight training, 
though when this is obtained the work is far easier than the 
ordinary stoking of kilns, and the temperature in the latter can 
be far more accurately and easily regulated. 

Muffle kilm are used when it is necessary to keep the goods 
free from all contact with flame or fire-gases. In brickmaking 
the use of muffles is confined to some glazed bricks and to the 
production of red bricks from certain Staffordshire marls. 

The usual form of muffle is an arched chamber placed in- 
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side a Newcastle or similar type of kiln, this chamber or mufile 



(fig. 221) being built on flues 
and with a space above and at 
each side. The front of the 
muffle is left open for filling, 
blit is closed with bricks plas- 
tered over with daub befori' 
the firing is coiumenced. The 
fiame and fire-gases play all 
round the muffle, heating it 
evenly and yet keeping the. 
goods free from ash, dust, and 
other harmful influences. 

Providing that an liven 
heat is obtained, the shape 
of the muffle is unimportant, 
but the design already indi- 
cated is as simple and effi- 
cient as any. The waste gases 
from one muffle kiln may 
often be used to heat another 
in a manner precisely similar 
to that used in continuous 
chamber kilns. 


KILN CONSTRUCTION. 

Errors in kiln construction are often numerous and serious. 
A number of the most important ones are enumerated below ; — 

General instability is a common feature of certain continuous 
kilns where the cost of erection has been reduced to lielow tlu^ 
proper limit as a result of excessive competition. This defect 
usually shows itself first by cracks in the outer walls and in the 
flues, though the former may be due to a poor foundation rather 
than to indifferent workmanshq). It has already been ]>ointod 
out that flues should not be built a])Ove the keystone of an arch 
if they run in the same direction as the arch itself, as the move- 
ments of the kiln during heating and cooling render this the 
most unstable position in the whole structure. 

A form of economy often attempted is to fill large portions of 
the masonry with broken bricks, sand, or rubble. If well stamjied 
down these may be satisfactory, though properly laid brickwork 
is far better. Occasionally, burned clay or sand is used, but it is 
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apt to dry, leaving hollow spaces. Slag, though better than clay, 
is liable to contain unburnt material and so shrink on heating. 

The choice of bricks for different portions of the kilns is a matter 
requiring a considerable amount of attention, for it is just as 
foolish to use best refractory bricks where a lower grade material 
at half the price can bo used with equal satisfaction, as it is to 
endeavour to save expense by using inferior bricks in those parts 
of the kiln which require to be most heat-resisting. By a little 
thought it is often possible to save considerably in the expense 
'of erecting new kilns, or repairing or altering old ones, if this 
careful choice of different bricks for different positions is made. 

The masonry used in the centre of most continuous kilns is 
a good example of a case where inferior bricks may be used, as 
they are heated but are not exposed to the action of the weather 
to any notable extent, and being usually well imbedded, only 
need to have sufficient strength for their work, no regard being 
paid to their softness or general appearance. The external 


I 


Fig. 222. — Wrong bond for bricks. Fio. 223.— Correct bond for bricks. 

work, and that which is subjected to heat, however, must be of 
best materials in order that it may stand the existing and prob- 
able strains and exposure without the least likelihood of failure*. 

Of the brickwork which comes in contact with the fire it is 
scarcely necessary to say that it should be constructed of the* 
best materials, and laid with as thin joints and in as skilful a 
manner as possible, a small extra cost in the erection more than 
repaying itself in the far greater length of time the work will last 
as compared with badly built work of less refractory materials. 

Another defective arrangement, which is more often noticed 
in repair work than in a newly erected kiln, is the wrong bonding 
of the bricks. .This is carried out in such a way that instead of 
breaking joints with the courses above or below, tbe bricks are 
so arranged that the joints coincide as in fig. whereas thej^ 
should be as in fig. 228 . In this latter case not only is the bond 
better and the masonry stronger, Imt the effect of cracks in the 
jointing is much less serious, as these cracks do not extend 
nearly as far when the joints are broken as when they coincide. 
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The vwrtar used will vary in composition according to the 
object of the brickwork. For the cooler portions of the work, 
where strength and not heat-resistance is needed, the use of 
ordinary lime -mortar is satisfactory, Imt for the more refractory 
portions the jointing materials should consist simply of a clay 
similar to that of which the bricks are made, mixed with water. 
Sometimes a little finely gi*ound burned clay may be added to 
reduce the shrinkage of the mortar, hut lime and other fluxes 
must be most carefully exclude)d where the masonry has to 
withstand great heat. 

In the construction of a kiln foundation too much care cannot 
l)e taken, as dampness drawn up into the kiln because of a defec- 
tive foundation is not only a source of loss of fuel, but may cause 
serious damage to the goods in the kiln, llric^ks having a good 
colour and a clear “ring ” cannot be economi(;ally ol)tained>with 
kilns which liave damp soles. 

It will be easily understood that the chimney-draught causes 
a very slight vacuum inside the kiln, so that any air, gas, or 
vapour outside it, whether below or above, will tend to rush in 
through any pores in the soil or masonry. The heat in the soil 
beneath evaporates the moisture which reaches it, and the 
vapour inevitably finds its way into the chaml)ers. 

The effect of this is seen on the goods nearest the floor, 
and a marked effect also is produced on the coal consumption. 
Scummed and unsound bricks result, in spite of all ordinary 
precautions against these defects. 

Brickmakers who have not studied the question carefully 
have no idea of the difference in the quality of the goods and 
the saving in fuel which results from properly draining a kiln, 
and the expense of installing a proper system of drainage is 
rapidly returned to the manufacturer who is enterprising enough 
to ensure that all the water in the sole of his kiln is removed in a 
proper manner, instead of ])eing boiled out by heat Avbicb should 
be expended in firing the goods. 

In erecting new kilns it is seldom that sufficient attention is 
])aid to the removal of foundation water, although every kiln 
builder is fully aware of the necessity of properly draining the 
foundations of his kilns. In addition to this, most kilns are not 
used during the winter months, and in but few cases are proper 
means provided for the efficient removal of rain-water from the 
kiln roof ; it is generally allowed to run off* anywhere, and most 
frequently finds its way into the ground immediately around the 
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kiln walls, (jonseciaently, the goods are of inferior quality, 
and require far more tlian the normal proportion of fuel, owing 
to the kiln and its foundations being soaked with water. 

It is a good rule never to Imild a kiln on grouiul in whie-h the 
subsoil water is within 6 yds. of the surface unless a special 
insulation system is used. 

It is well known that the heat produeeil in firing a kiln not 
only rises to tlie upper parts of the kiln, but also sinks into the 
foundations, and it is not unusual to find that the first three 
rounds at the l)eginning of a new season produce goods which 
are inferior in (piality, as it takes some time before the heat can 
])enetrate to its normal depth of to 4 yds. into the ground. 

All the water present in the foundations of a kiln to a depth 
at which the temperature approaches 100‘' (!. must ))e sooner or 
later eva])oraied and removed through t'ne fines, fan, or chimney 
of the kiln. Not only so, but when a higher temperature than 
this is present the temperature is lowered by the evaporation 
which takes place, thereby causing a serious loss of heat. 

It is important that every brickmaker should see that his 
kilns are pro]>erly drained, as, otherwise, serious trouble will 
result. It is ecjnally important to see that the water from the 
roof of tlie kiln and from other laiildings is not allowed to soak 
into the gi’ound neai* the kilns, l)ut is conveyed away out of harm’s 
reach. If it must he allowed to enter the ground near the kilns, 
it must be taken to a depth of at least 4 yds. below the kiln sole, 
and even then it is aj>t to be troublesome. 

A plan recommended by ,1. Biihrer and otln*r well-known kiln- 
builders consists in laying 12-in. yupes to drain the foundations 
of the kiln, and to turn all roof water into tliese^ so that it may 
1)0 led right away from the yard. Above these i)ipes (which 
should l)e about .‘1 yds. below the sole of the kiln), a 14 in. 
layer of sandstone chiyis should he laid, as these allow the water 
to drain out far better than does a layer of broken bricks or 
ordinary earth. 

The yiipes which collect the water from the roof of the kiln 
should be of amyde size, and should be taken about a foot deeper 
than the drain -y)iy»es just mentioned, as this enables the dirt and 
sediment to settle out and lessens the liability of the drain-piyies 
under the kiln to choke uy) with sediment. 

It is often convenient to connect the drain -y>i})es of the kiln 
to a small chimney, so that the system can ])e keyitdry liy means 
of the continual draught of the chimney itself. Connexion may 
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be made to the ordinary chimney of the kiln, hut a supplementarjr 
chimney is often better. The slope of the drain-pipes may be 
arranged to suit local conditions, but should not be less than 1 r 
1 00. In some cases where there is much water to be removed a 
small well should be dug at the lowest level of the drainage 
system, and all the water led to this well, which can be emptied 
periodically with a small pump. 

Another effective method of draining a kiln is to construct 



Fkj, 224. — Kiln foundation. 


the foundation 4s shown in fig. 224 in cross-section. The ground 
is excavated to a depth of about 3 ft. and is well rammed, with a 
slight fall towards the centre. A bed of large stones, 18 in. 
thick, is formed, with a rough kind of central canal for drawing 
away water. This canal must have a proper drainage outlet. 
On the stones a layer of gravel is placed, and then abed of well - 
rammed mild clay or loam. On these two layers, which would 
be only 2 in. to 3 in. in thickness, is spread a good bed of sand 
and over this a paving of hard bricks bedded in clay. 


Fm. 225. — CrosR Hection of fig. 224. 

In most cases this isolation of the floor will suffice, but wheii' 
water has continual access to the subsoil it is desirable to 
provide a means of independent liberation of the evaporated 
moisture which is continually produced. In this instance an 
effective method is to provide a complete canalization of the 
floor with inlets at each end of the kiln and outlets at the 
middle. Fig. 225 shows the cross-section of this scheme with 
brick flues, though 4 in. land drain -pipes may serve equally well.. 
Over the flues are layers of loam, sand, and paving brick. 
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At each end of the kiln a collecting Hue is formed, with a 
couple- of inlets from the open air. At the middle, two collecting 
flues carry the accumulated moisture to up-cast shafts. By 
their draughts these shafts maintain a gentle current of air 
which enters at the ends and carries off* the water vapour as it is 
formed. If the kiln chimney is sufficiently powerful, the draught 
may be obtained l)y connecting the middle flue to it, dampers 



Fia. 226. — Brickwork arch. 

being provided to regulate the flow of air, but as already stated, 
a separate chimney is preferable. 

The arches and crowns of kilns arc often badly designed and 
constructed. There is a general tendency to use plain instead 
of special bricks for this purpose, with the result that a weak 
arch with wide joints instead of narrow ones is produced. 

The difference between arches built of X)lain bricks and pro- 
perly shaped wedges is clearly shown in figs. 226 and 227, in 



Wrong construction. Bight construction. 

Fkj. 227. — Arch of double brickwork. 

both of which the left-hand side is shown constructed of plain 
bricks with excessively thick joints, especially at the outer ring 
ofdhe arch, whilst the right-hand side shows the thin and evenly 
distributed jointing with wedge-shaped bricks. The diff‘erence 
is more noticeable in smaller arches than in large ones, and in 
bricks arranged as in fig. 226 ; but in either case the effect is the 
same — an excessively weak arch which must soon be repaired, 
and a total loss of some 80 per cent of the total expenditure as 
compared with the use of properly shax)ed wedge ))ricks. If the 
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arch is of very large diameter — over 25 ft. — the ta})er rec^uired 
is so small that it may l>e neglected and ordinary shaj)ed bricks 
used. If, on the other hand, the kiln arch is less than 25 ft. 
diameter the l)ricks should be arranged to have a taper propor- 
tionate to the diameter of the arch. 

This taper may ]>e made by cutting the ]»ricks before they 
are dry by means of a stiff knife or a s]>ecially fitted wire-cutter, 
or, as is preferable, they may be lu’oduced through a mouthpieci‘ 
which gives them the right taj>er. Tlie taper of the l»rieks may 
most conveniently be calculated as follows: Measure the in- 
side diameter of the arch in inch(‘S and call it A. Having de- 
cided the d(^sign of the arch, measure its outside diameter, or 
add to the inside diameter twice the web of the arch, and call 
this outside diameter B. Tli(‘ ta])er of tin* bricks will then be 
B : A. That is to sa^, tbe widest and narrowest parts of th(‘ 
wedge-shaped arch brick will be in the f)ro]>ortion B : A. Ijistisad 
of calculatijig the taper of arched bricks, it is generally better to 
set out a portion of the arch to full scale on a convenient board 
or floor, and to take the measurements direct from this, as th(‘ 
bricks can thus be tried before many are madi‘, and small errors 
(if any) altered^ 

For most puri^oses the use of hollow laac.ks is l)etter than 
plain, solid ones for kiln arches, as the former are not nearly so 
heavy, and yet are of practically equal strength. 

The strength of the arches is a matter often needing special 
care, for it must be remembered that the masonry must not only 
be sufficiently refractory to withstand high temperatures, but it 
must also ))e possessed of such resisting power that it can bear 
the strains set up by the continual contraction and expansion. 
Flattened arches are, therefore, to ]>e avoided, as are also those ^ 
with a very pronounced point. In almost every case the true 
semi-circle is the best form of arch. 

In the case of a continuous kiln it is usually wise to have 
the feed-holes through which the coal is supplied to tlu^ kiln 
made of I docks of fire-clay or at any rate of the most ]‘efractory 
clay easily obtainable. The number of these blocks in an arch 
varies with the number of feed -holes, and in the accompanying 
illustration (fig. 228) three blocks are used. 

In constructing arches of bricks and blocks, care is needed 
to get the shapes of the latter correct so that they fit well to the 
bricks, as, otherwise, there is a serious danger of collapse after 
the kiln has been in use for some time. In setting out sueb an 
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arch the most important measurements are indicated by the 
dotted lines in figs. 228 and 229, in both of which r is the radius 
of the semi -circle composing the arch. Where these blocks 
can be purchased ready-made the speed of building is greatly 



Fkj. 228. — Section of chamber of continuoas kiln. 

increased, bur oven when they have to be made specially they 
soon repay their cost in the additional strength, security, and 
freedom from slip which they give to the arches in which they 
are used. The wicket ar(;hes may be constructed in a similar 



Fio. 229. — Section of chamber of continuous kiln. 


manner, but where special 1 docks can ])e made, they improve 
the ap])earance of the kiln. Such blocks are now supplied ready 
for use by several German fire-clay manufacturers, the one 
shown in fig. 280 being x>opular on account of its neatness and 
strength. Like the other arches it is of a semi-circular or Ro- 
man type. The distance r should never be less than 20 in. so 
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as to allow ample room for the men to enter the kiln without 
scraping the bricks. Fire-clay blocks used in arch construction 



should be of open material, so as 
to respond readily to sudden 
changes in temperature without 
damage. They must be fired in 
such a way that they do not warp, 
and if at all twisted must be care- 
fully dressed before use. 

“Drop arches” are often built 


Fig. 230.— Wicket arch. continuous kilns to prevent the 


air travelling along the top of the 


inside of the kiln at too rapid a rate. They are primarily in- 
tended to act as baffies and are generally desirable though not 
indispensable. Their Itrength need not be great, though they 


act as Bujiports for the proper arch. Their shape is clearly 
shown in fig. 231. 


In single round kilns the whole roof or crown is dome-shaped, 
the curvature of the crown usually being part of a true circle 



Fig. 231.— Interior of Osman kiln. 


though not a complete semi -circle. This form of crown is much 
stronger and in every way preferable to one which is either 
more pointed or fiatter. 

The fir^-boxes and bags of a kiln need careful design and con- 
struction if the heat is to be economically produced and evenly 
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•distributed. Usuall}’’ the fii’e -boxes are too shallow and allow too 
much air to enter above the fuel. The “ box ” or hopper pattern 
where a considerable depth of fuel is present and forms its own 
seal, is usually the best for single kilns. In continuous kilns the 
depth of fuel on the grate, or in the trough, is of less importance, 
and in those of the original Hoffmann type no permanent fire- 
boxes are used. 

The feed-holes in the top of the kiln must be kept covered 
with air-tight caps or bells. In many cases the amount of air 
which leaks in through the caps is sufficient to spoil the draught 
and prevent satisfactory firing. As the top of the kiln is hot, a 
liquid seal cannot be employed, but some form of sand-seal 
should be used. The common practice of a simple bell fitting 
on to a raised rim is far from satisfactory. The use of a conical 
lid fitting into a ring (fig. 232) is but little better, as, whilst air-tight 
when new, the effect of repeated heating and cooling makes the 



Fig. 232. — Conical cap in feed-hole. 


metal twist and fit badly. A simple and durable, but at the 
same time air-tight, cap is greatly to be ddsired, and there is scope 
for ingenuity in this direction. 

The position of the feed-holes may be seen in figs. 228, 229. 

The flues of most kinds of kilns, but particularly those of the 
continuous type, need unusual care in regard to their arrange- 
ment and construction, 

A common error with some kiln builders consists in construct- 
ing flues, the sizes of which have no relation to each other or to 
the capacity of the kiln ; their dimensions being determined 
largely by guess-work. In a kiln with simple flues this may 
often prove satisfactory, particularly if fill the flues are larger 
than is really necessary, but in many cases defective draught is 
produced and disappointment is caused when a 15 -in. square flue 
cannot discharge its contents completely into a 12-in. flue some 
distance away, with probably a couple of bends between them. 
It is frequently desirable to connect smaller flues to larger ones 
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SO as to vary the speed of the gases travelling through thero^ 
but this should only l)e done when the designer has a definite 
object in mind and is fully aware of the consequences. Such 
little troubles as are caused by discharging flue gases through 
opposite openings in the same flue without any midfeather are 
frequently met with, and are a continual source of mystery until 
some one finds out what is really the matter. Fortunately, they 
can usually be put right when found. 

On the Continent, small flues are fre(|uently made of sanitary 
pipes carefully ))eddod, it l^eing considered that tliey are tighter 
than the brickwork flues almost exclusively employed in Great 
Britain. 

Flues are often mad(i too small and inacct‘Bsible as well as 
being placed in positions which are undesirable from the point of 
stability. Their walls a^’e often too thin and tlie connexion with 
other flues l)adly made. The connecting flue of a continuous 
kiln should be sufliciently roomy for an ordinary sized man to 
get inside it easily for cleaning purposes, and should l)e provided 
with so many openings that, Jio matter which part of the kiln is 
under fire, the flues may be entered in the cooler parts direct 
from one of those manholes. The covers for these manholes 
must, of course, ])e kept air-tight, usually by means of sand and 
often by a second cover of wood or iron. Sometimes defective 
draught is caused less by the flues than by unsuitable dampers. 

All dampers should fit tightly when closed, a “ sand-seal ” 
(similar to a water-seal) being used if necessary. They should 
usually be designed and made specially, as home-made dampers 
are often unreliable. In continuous kilns th(‘- tightness of th(‘ 
dampers is of very gi’eat importance. 

Chimneys are often too slightly built, and so lose heat and 
draught-producing power. Lined chimneys have a great advan- 
tage in this respect. 

The attempt to save money by Imilding a chimney which is 
only just large enough for the work is really a hilse economy, as 
sooner or later it will result in the gases being turjied into the 
chimney at too high a temperature, and consequently any sav- 
ing on the original cost of the stack will be more than counter- 
balanced by the unnecessary high expenditure of fuel in firing 
the kiln. The chimney must be regarded as a “ capital ” invest- 
ment, and the saving effected by its use must be reckoned as 
legitimate interest on the capital spent. If a short chimney is 
erected, the fuel wasted by turning hot gases into the chimney 
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will represent an annual expenditure corresponding to possibly 
25 per cent interest on the additional amount of money originall)'^ 
required to have made the chimney of the right size. Not only 
so, but with ample chimney capacity (in other words with ample 
draught) it is possible to “ smoke ” the bricks far more effectively, 
and so not only increase the output of the kiln, but to turn out 
a better class of goods, and, consequently, to produce a larger 
income for the same amount of expenditure. 

For this reason, it is usually desirable to substitute a fan for 
a chimney in cases where the capital available is not sufficient 
to build a chimney of ample size. The relative advantages of 
fans and chimneys are described on page 288. 

It has already been pointed out that a roof is essential on all 
continuous kilns, and it is desirable to he ve one erected over single 
kilns if the best or most economical j esults are expected from 
the firing. The reason is that all water which is driven off the 
top of the kiln by evaporation represents a definite waste of fuel 
which could be saved by tbe erection of a roof or shed over the 
kiln. When no roof is luovided, the crown or arches of the kiln 
begin to sag on account of the rain soaking into the brickwork, 
instead of being carried off by a roof; the fuel is wasted because 
the kiln has to be dried after each shower, and because the fuel 
stored around or on top of the kiln is, in winter, in a soaked con- 
dition. The fireman, too, does his work in a less satisfactory 
manner, because he has to be exposed to the cold and rain ; 
wliereas in a properly constructed kiln both he and the fuel, as 
well as the brickwork itself, would be covered by a roof which 
would effectually protect them all. 

It is curious how many firms will sx^erid £1000 or so in build- 
ing a kiln, and yet will not lay down the extra sum required to 
keep their kiln in good condition by erecting a cover ov('r it. 

In selecting a kiln for a given brickyard it must bt‘, remembered 
tliat the pivot upon which the success or failure of a clay -works 
turns is frequently due, not to tlie clay but to the kilns employed. 
The proportion of the total interest on capital chargeable to the 
kilns is very high in many yards, and thus, the choice of a 
kiln is of the greatest inqwtance. Besides, the kiln is the final; 
machine through which the bricks must pass, and, consequently,, 
if it works unsatisfactorily, all the labour expended in making, 
drying, etc., is lost, as well as the loss directly attributable to the 
kiln itself. 
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Many brickmakere think that because a certain kiln is suit- 
able* for a similar clay to their own, it is equally fitted for burn- 
ing; their own clay, without any modification or adaptation, and 
far too many continue to make wares of inferior quality when, 
with a little alteration either in structure, setting, or firing, they 
might produce a large perctmtage of well-coloured, soundly ring- 
ing bricks. 

The most economical kiln is the continuous kiln of the 
Hoffmann type and its many modifications for special clays 
and classes of goods, yet such kilns have, unfortunately, a de- 
cide^d limit below which they are not economical, and firms with 
an output of only 500,000 bricks or less per year will be 
well advised not to invest in a. continuous kiln, statements by 
kiln builders to the contrary notwithstanding. There are several 
reasons for this, but ojjo of the most important is that it does 
not pay to l)uild a kiln which is too large and must be worked 
far below its normal capacity. 

A further disadvantage of installing a continuous kiln for 
small outputs,' or for widely varying outputs, is the temptation it 
olF(*r8 to the fort‘man and works manager to make* too large an 
output for the demand. Some brickrnakers imagine that it 
makes no difference whether one mak(‘,s a. small quantity at a 
certain profit or double the quantity at half the profit. This is 
a, false argument, for it does not include tin* wear and tear on 
plant and kiln due to mon^ rapid working; and whilst the 
machinery may Ik* easily repaired at a. small (^ost, what about 
the kiln ? 

On the otJier hand, it is not wise to select a kiln which is 
likely to be too small, though this is far less an evil than too 
large a kiln. Large kilns bring great anxieties, whilst small 
kilns bring small pleasures.” Tf times are bad a small kiln 
means loss loss, but on the other hand, a> small kiln is very 
annoying in days of sudden good trade, in which there is no 
time to erect additional kiln room before the boom has passed. 
On this account as fair an average as possible should be used as 
the basis on which to determine the size of kiln to be erected, 
so that the annoyance of unavoidable loss on the one* hand and 
unattainable profit on the other shaU be avoidtid. 

A clamp kiln is rapidly becoming obsolete in many districts 
on account of the impossibility of obtaining many facing bricks 
from it, some of the bricks being under-fired whilst others are so 
Iwadly scorched that in some ca8(‘S they are half melted. Tt is 
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impossible to get all the bricks fired at the same temperature, 
but in Kent, etc., architects insist on clamp- bricks. 

Clamp kilns are frequently employed in order to obtain bricks 
for the erection of a kiln in a newly started work, but, unless 
the cartage is likely to prove most unusually heavy, it is scarcely 
any cheaper to make and burn the bricks on the site than it is 
to purchase them from a neighbouring yard, for clamp kilns are 
often wasteful in fuel, and the brick trade for several years has 
been in such a state that almost any yard will sell bricks at but 
little over actual cost, and be satisfied that they have made a 
good bargain ! 

Intermittent kilns certainly cost less to erect tlnin i\ con- 
tinuous kiln, but not when they are of the same capacity as«the 
latter. The main advantage offered ^)y single kilns is that a 
man can put up two intermittent or single kilns, whereas it does 
not pay to erect less than six chambers in a continuous or semi- 
continuous kiln, -as so small a number does not give the user 
the full benefit of the heat in the waste gases. Consequently, 
when only a small output is required, n few single kilns ar(^ often 
preferred. 

If it is expected to increase the outxuit rajjidly to above 
1,000,000 per annum, it is better to build ))art of a continuous kiln, 
and to work it on the semi-continuous principle rather than tt> 
build seiiarate kilns which will be thrown out of use when a 
larger one is built. For certain classes of work, liowevn^r, it is 
still necessary to use single kilns. 

Probably the best form of brick kiln is a i>artially built con- 
tinuous kiln, as this, whilst complete in itself, is always avail- 
able for extension whenever the increasing trade of the district 
demands a larger kiln. When part of a continuous kiln is hiiilt 
it is not so economical in fuel as the whole kiln, but it is not so 
wasteful as are intermittent kilns of the same capacity. At the 
same time each enlargement of the kiln increases its economy 
of working, and there is no setting aside of kilns which are not 
wanted because they have been replaced by a continuous kiln, 
as is the case in many yards at the present time. 

In the erection of such a ])aTtial kiln it is necessary to con- 
sider carefully the character of the clay, as when a delicate clay 
requiring very slow and gentle warming is to b(i fired, a much 
more complete kiln should be built than if a small output of a 
readily fired clay is required. 

The size , of the kiln must, as already noted, l)c equal to tlic 
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averages output, or a trifle larger, as it is better to miss a little 
trade in the best years than to be saddled with too large a kiln 
during bad seasons. The question whether it is better to have 
two moderate sized continuous kilns or one single one of equal 
capacity is one which admits of much discussion, though the 
actual loss of working a large kiln partially is less than working 
a small kiln fully and keeping another of equal size quite idle 
except for occasional use. Owing to the heat to which they are 
subjected, kilns do not resist the action of the weather well when 
out of use for a long time, and it is better to have one rather 
than two continuous kilns, but this should not ])e much larger 
than the average output of the works for a period extending over 
several years, if the best results are to be obtained. 

The length of a continuous kiln should be sufficient to fully 
utilize the “waste ” heat from the fuel. There is a great tend- 
ency to build kilns wliich are too short, with the result that the 
heat which should be obtained from the cooling goods and from 
the fire-gases is lost, instead of being utilized for drying and 
heating the freshly placed goods. 

Where a small output is required the kiln should have. a 
narrow tunnel,, the width being increased with large out]>iitB, 
instead of the usual method — of retaining the width constant and 
reducing the length — being adopted. 

The width of tiie tunnel of a continuous kiln is sometimes 
the subject of strange criticisms. It is frecpiently stated that 
tunnels not more than 8 ft. 6 in. or 9 ft. are best and that wider 
ones are detrimontal to the quality of the goods. As a matter 
of fact, the width of the tunnel can be made 18 ft. without any 
disadvantages arising, provided the kiln be properly built and 
fired, and with transverse arches still wider chambers can be 
satisfactorily employed where the output justifies their use. 

Where very large outputs are re(pnred, it will often be found 
best to build conthiuous kilns of a shape similar to one of the 
plans shown in fig. 283. These are known as “ Shank Kilns,” and 
owing to their special shape several fires can be kept going in 
each with a minimum of labour, and the cost of erection is less 
than that of several continuous kilns of equal total capacity. A 
considerable number — over 200 — of these shank kilns are in 
existence on the Continent with an annual output varying from 
5,000,000 to 50,000,000 each. 

A continuous kiln can sometimes be enlarged by adopting 
the “ Shank ” principle just described ; such an alteration to an 
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old circiilar lloffriuinn is shown in %. 2H4, which is reproduced 
from the “ British Clay worker 

In enlarging a kiln in this way it may be necessary to supple- 
ment the chimney-draught by the aid of a fan. 

A great advantage to be gained from the enlarging of a kiln 



Fio. 233.— rians of Bhank hilns. 

in this manner is found in the instance of bricks or tiles whicli 
need very careful warming or prolonged heating as, with so long 
a fir (! -canal as is thus produced, it is possible to burn the most 
delicate clays with ease. In some cases it is even possible to 
dispens(‘ with a dryer and to remove the moisture by a some- 



Kid. 234. — Plan of enlarged Hoifniann kiln. 


wlial longer steaming in a manner impossible with the ordinary 
twelve-clnimbe]- Hoffmann kiln. It was, in fact, the necessity of 
treating a new clay found in the course of working an old and 
almost worked out pit that first compelled a certain brickmaker 
to find a method of (mlarging his old kiln, and by doing it as 
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shown in fig. 2:M, he was able to work an iimisnally delicate 
clay with perfect satisfaction. 

SETTING AND BURNING. 

Bricks must be placed (or “set ”) in kilns in certain patterns, 
according to the nature of the kiln and the kind of bricks to he 
produced. 

Thus, in an np-draught kiln, the bricks nuist ]>e amniged 
differently to those fired in a down-draught or continuous kiln. 
Again, where glazf‘ or colour is of great importance, it is necessary 
to so place the bricks that the “face” is protected, whilst for 
commoner bricks no such protective airangeinent is necessary. 
Many firms fail to obtain the best results simply because they 
do not set the bricks l^o the greatest advantage in tin* kilns, 
using a down-draught aiTangement where one suitable for hori- 
zont.al draught is required and vice vtrsa. 

Unless dried by tin? Scott syshuu, or set direct in continuous 
kilns after being iiiadi? by the stitf-plastic, the semi-dry or 
dust processes, bricks should he dry when they enter tin? kilns. 
The method or process by which the. bricks have been made is 
therefore of little or no importance as far as the setting in the 
kiln is concerned. A wise brickinaker will, however, insist on 
the dampest bricks (if there are any) being placed uppermost in 
the kiln so that tin? moisture in them may escape mor(' readily 
and with less liability to damage other bricks. Me.tbods of set- 
ting may In? divided into four classes : (1 ) for u]>-draught ; (2) for 
down-draught ; (B) for horizontal-draught, and (4) where special 
protection (as in glazed bricks) is needed. 

In an up-dratujki kiln the heat enters, noiAinally, below the 
goods and rises through them, though in ]>ractice it chiefly 
enters at the sides. The bricks should be set about J in. apart, 
with their longest side parallel to the direction in which the hori- 
zontal portion of the fire travels — usually from the. fire-box to the 
centre of the kiln. Less frequently, the bricks are arranged up- 
right, each row breaking joint with the row below it. Usually, 
but little difierence is made between the setting of up- and down- 
draught kilns, and ])roviding the conditions already mentioned 
are maintained, the methods described for down-draught kilns 
may usually be followed. The main points to remember are 
that the heat must be able to circulate freely and (?venly among 
the bricks, and the bricks must be so arranged as not to sli]) 
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out of pliicf . This hitter requirement usually necessitates their 
being crossed by bricks running at right angles every few courses. 

In a down-draught kiln the heat rises behind a flash-wall or ' 
bag and descends upon the bricks in n downward and sloping 
direction. It distril)utes itself amongst the goods and passes 
out through one or more openings in the centre of the kiln. 

If, as is often the case, only one exit is provided, the bricks 
must be set somewliat closc^r near the centrf‘ of the kiln 
and mor(‘ open (about 1] in. apart) for tlie lowest four rows 
nearer the sides, so that the outer ])art8 of the floor may be fully 
lioated ; or thtj flash - or bag-wall may be })erforated near the floor 
BO as to allow soniti lieat to ]>aHS direct towards the centre fine. 


When a perforated kiln -sole is used 
these precautions ar(5 less necessary. 

In a down-drauglit kiln the- bricks '' 
jire usuall}^ ])la(ied ‘‘ live on two ” (fig. 
28o), as this forms a (‘onvenieni and 
easily remembered arrangement and one 
of a mple strength. With thicker 1 iricks 
the TUiarest to this must be used, the 
bricks being set about f in. a])art. 



Where the bricks are sufiiciently stable another row of bricks 


may be set on th(‘ five ])eader8, and sometimes a second row of 


stretchers is used. 



The bottom two c-ourses must 1)0 arranged so as to h^ave any 
perforations in tin* kiln sob* fully open (fig. after this the 
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setting!; may proceed regularly until the kiln is filled to the level 
of the top of the bag- or flash-wall. It is umvise to fill it higher, 
as the fire-gases require a considerable amount of space for their 
proper combustion and distribution, and this is not provided 
when the kiln is too full. Down-draught kilns differ from up- 
draught ones in this respect. 

Some ])ricks — particularly thosti burning bufl’ or white — are 
better set flat in “ walls ” or “ blades ” 9 in. wide, care being 
taken to let the bricks break joint, and being about J in. apart, 
the “faces” never })eing in contact as is the case with rod 
facing bricks. Some white or bull bricks (including most fire- 
bricks) are best set in this way, the ends facing the fire. 

Tn sotting red facing bricks in a down-draught kiln special 
precautions have to be taken, there being a great risk of pro- 
ducing .'I gi’cy stain on fhe bihfks, and many thousands of such 
bricks are si^oiled annually by an impro])er method of setting. 
To obtain a first-class red facing brick the, kiln -floor must be 
level and the , arrangement of bottom flues already given is 
usually satisfactory, though some brichs are ])etter if the set-oft‘ 
or bottom j)ortion has 9-in. flues, four bricks doe]>, and a double 
span over, and a tier of bricks to stretch across the top, })reaking 
the joints of each flue and thus making the bottom very strong 
to stand the heat. Care should be taken not to set the bricks 
too close in the bottom. From tln^ set-off of the kiln, brii^ks 
made from a semi-dry machine may be set four bricks one on 
top of the other, with a double row of stretchers , above ; this 
alternation of four headers and two stretchers being repeated 
until the kiln is filled. Wire-cuts and sand-stocks will only 
stand three headers high. Sand-stocks ' do not stain as much 
as semi-dry bricks, on account of the sand on the face. 

Bricks should, usually, be set from side to side in the kiln 
in rows or “bolts,” and care should be takoii by the setter, 
after the first double bolt is finished, to keep tb(>, heads, or 
ends, of the bricks in the remaining bolts in a straight line with 
and tight to one another, so that one may look right through the 
chamber from the first bolt to the last. This gives the steam and 
fire-gases a straight line and a free course without any chance of 
staining the faces of the bricks. 

Tn round, down-draught kilns with a centre^ flue, it is usual 
to lay bricks radially from end to end, and so converge the 
spaces between the bottom two or three courses towards the 
(*entre. These two or tliree courses are laid e.xacdly one ovf^r 
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the other, stretcher faces in contact. On this foot •’ the usual 
setting is adopted of five bricks side by side over two bricks end 
to end. If the bricks are more than in. thick tlie five bricks 
will be corres]>oiidingly less in number. This regular setting 
above the foot should be started in a way to suit the tying-in of 
the radially placed bricks of the foot. 

Other arrangements for setting bricks in a down-draught kiln 
are known as “2 on 2,” “8 on 8,’’ and “5 on respectively. 
TJie first is used where very open settmg is necu'ssary ; the last 
is suitable where the bricks are finished at a. low heat and where 
an unusual amount of support is needed (fig. 287). 

In a horizontal draught or conlinaoufi kihi the stdiing of the 
bricks is slightly different. As the (Iraughl is not reciuired to 
rise, it is possible to lay the stretcher bricks closer together thiin 
in an up-draught or down-draught kiln, and any vertical spaces 



Fi(i. 237. — Brick arrangements. 

(rt) “ 2 on 2.” 

(6) “ 3 on 3.” 

(c) “ 5 on t).” 

between the rows, “ blades" or bolts ar(‘ of far less importanc-e 
in a. horizontal -draught kihi. 

In setting bricks in a continuous kiln it must be remem- 
bered that they will be subjected 1o a horizontal draught which 
will have a natural tendency to travel along the roof betweem 
tlie top of tlie setting and tin* arch. This upward tendency must 
be prevented Jis juindi as possible, and tliis is accomplished by 
setting the bricks close to the arch, and when the wares are not 
of a vtTy comhustible nature it is generally advantageous to 
pitch, or set closely together, the toj) two or thrive courses, thus 
diminishing the nuin})er of lop-draughts or channels. 

To keep the cold air from travelling too <|uickly l)etween the 
arcli and tlie brick in the burnt section, droi> arches are gener- 
ally l)uilt in each chamber (this applit^s only to tlie Hoffmann 
typ(‘ of kiln). These droi> arches, as a ruh'., answer their pur- 
]iose well, though excellent results may be obtained by putting 
the top brick of Hie setting into the feed-hole; if any difficulty 
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is found in stoppinj^ tJio hole, soft clay should l)c used, the real 
object bein?^ to prevent the fine coal from dropping to tJie bottom 
of the kiln. This will give a very useful fire on the top of the 
brick, which will heat the air if there is too free a passage along 
the top of the brick, due to their settling. The usual arrange- 
ment is to set a row of bricks on edge ^ iR- apart in the direction 
in which the fire travels, and on these another row. A third or 
even a fourth row may be added if desired, though it makes the 
setting less stable. Across these bricks a single row is set at 



Fki. 2H8.— View of bricks in continuous kiln. 

right angles, and on this another two rows of headers. This 
alternatioji of one row of headers and two of stretchers is con- 
tinued until the kiln is filled almost to the top (fig. 2^8). 

Where a somewhat greater flue-space is required, three bricks 
may be arranged on each other as shown in fig. 239. By setting 
the bricks in pairs greater stability is obtained than if the flue- 
space is left between each set of upright bricks. There should 
be ample draught space in the lower portion of the setting, par- 
ticularly in the trace-holes. These trace-holes are in the same 
direction as the dvaugJit during the whole period of burning, as 
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they may become choked with coal or ash, which would merely 
retard the progress of 
the fire throughout the 
kiln. 

An important point 
to be taken care of is 
that of determining the 
number of sections of 
chambers to be set, 
taken on and treated as 
one chamber in the 
Hoffmann kiln. The 
writer has known diffi- 
culties to arise from 
too large- a num})er 
of chambers being 
coupled together in this way. Two chambers are, quite sufficient 
to be coupled together and is as large a section as is consistent 
with good management. Each section should liave a papered 
emd unless permanent partition walls exist. 

In a continuous or other horizontal draught-kiln th(^re is no 
need to stop short of filling completely to the top of the arch, as 
the combustion of the gases takes place elsewhere, and not, as in a. 
down-draught kiln, above the goods. 

With kilns with a horizontal-draught the combustion space, 
or “free” space, must be at right angles to the draught; in a 
Newcastle kiln it is immediately behind the fire-boxes (a space 
of S ft. or so in width being left on purpose) and in somtJ con- 
tinuous kilns it is immediately above and to onti side of tln‘, 
grates, fire-troughs, or bags. Hence in (jontinuous chamber 
kilns the goods nearest to the fuel should not be sot vertically 
but with a distinct slope in the direction of tin* draught. 

When the fuel is fed amongst the bricks in a continuous kiln 
(as in the original Hoffinann kiln) the same gem;ral arrange- 
ment of setting is used, but beneath eacli of the pot-holes in the 
roof a vertical flue is left in whicdi the fuel can ])urn. Oiu*, pat- 
tern of such a “flue” is shown in fig. 240, certain ])ricks being 
made to project in such a manner as to form a series of ledges 
on which the fuel can rest and burn, only a, very small T>ortion 
falling direct to the bottom of the kiln. 

For a beginner, the best way to construct one of those flues 
is to fix a plank about 1 in. thick and a little narrower than 



Kid. 289. — Traoe-holes. 
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the pot-hole in the arch of tlie kiln, vertically l)elow (and 
through) the hole, and to set the bricks 
alternately close to and away from this 
lath on all sides so as to form the verti- 
(*-al space shewn in fig. 240 ; the enlarged 
s]>ace at the l>ottoin of the sliaft serves 
to contaiji the aslies from tln^ fuel, and 
to enable the burner to estimate tlu' 
temperature of the lower ])art of the 
kiln. 

Firc'-shafts of oilier sha})e8 are iire- 
fen*ed by some burners — much depend- 
ing on the fu(*lused — and in some parts 
of the Midlands they are built by setting 
» bricks in ]»airs as heach^rs and stretchers 
alternately (fig. 237a). Om^ of the great 
disadv'antag(‘S of the use of such fire- 
columns is the liability to errors in 
•setting which they cause*, and such errors are. often discovered 
only when too late to be repaired. To avoid them it is essential 
that the changes in the setting in various parts of the kiln should 
he reduced to a minimum, and, however desirabh* from the 
burner’s standpoint, the practici* of se‘tting the ])ricks closer to 
each other as the arch is approached, and other methods retpiir- 
ing special skill on the part id’ the setters, cannot he considered 
as ideal. For this reason the author has frequently used with 
success a method which consists in leaving a space between the 
blades or walls, in which “ trough,” bricks are set in rows on their 
edges as shown in the- centre^ and sides of figs. 241 and 242. This 
arrangement ]u*ovides ample ties for the bricks, and recjuires no 
laths or other guides for the setters to enable, them to keep the 
flues properly in line, as the joints of the bricks show where the 
next layer ot bricks is to be ])laced. The construction of the 
fire, columns is also simplifiefl, as will be seen from the illustra- 
tions, as a single space is left throughout the whoh* width of 
the chamber. This space is 2 ] to 3 in. wide, and on the bricks 
which partially bridge over the space, some of the fiu*! will bt* 
retained in the upper part-of the kiln. 

The aperture in each chamber which leads to tin* main Hue is 
made by leaving a space about 4 in. wide, and extending the 
whole breadth of the kiln. The fourth row of ln’icks from the 
J>ottom is laid (‘lose, so as to form the toj) of this shallow Hue 
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which leads the gases direct to the main Hue. Various forms of 
this “ trough ” anrangement are much used in France (four a 
tranches) and in Germany (Heizwcinde). 

If the hricks are dried by fires placed at the wicket, a series 
of flues is made to carry the heat from these fires as far into 
the chamber as possible, as otherwise the direction of the heat 
wiU be from the wicket to the nearest exit and a large portion 
of the chamber will always be left cold. 

To obtain facing bricks of good colour the setting must usually 
be similar to that in down-draught kilns, i.e. two faces are 
placed together l^efore they are tied crossv/ise by two more, and 
BO continued up to the required height. The flues or passages 
are, however, arranged in the same way as when common bricks 
are burned. 

The most recent method of setting bwcks is one exploited by 
the American Clay Machinery Co. So far, it has only been used 
in the United States for setting stiff plastic and semi-dry bricks 
direct into the kiln. A travelling crane carries a hod of 120 
bricks from the machine to the place whore they are to be set 
in the kiln, and deposits the bricks ready for burning. The 
arrang(unent of the bricks on the hod determines the setting, the 
bricks benng built up in “ units ” which are stacked on each other. 
In the vtjry large open reed-angular kilns (scores) used in the 
States, and to a smaller extent in archless continuous kilns, this 
method apj)ears to possess advantages over hand-setting for 
(iommon bricks, but it can, obviously, only be used in those cases 
where an overhead rail or crane can deliver the hods to each 
part of the kiln. 

Aft(U’ a chamber ” has been set it must be separated from 
the remainder of the kiln by means of dampers. Where no per- 
manent cross- walls are used it is convenient to fasten sheets of 
])aper right across the 1 nicks, smearing the edges of the paper 
with (day -paste to makt^ tln^ partition air-tight. The special 
characteristic's required in paper used for this purpose are de-; 
scribed on page 277. The paper must be joined with good paste 
if single sheets of sufficient size caimot .be obtained, as leaks 
are very objectionable and waste fuel. 

When jiermanent walls are erected, the paper need only be 
pasted over the trace-holes, though permanent dampers of iron 
and fire-clay are often used instead. Three chief forms of 
damper-leakages are possible and must be considered separ- 
ately 
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(a) The damper nearest the kiln fire may leak, and conse- 
<iuently the hot air as it enters will be more or less completely 
drawn through it and away to the chimney from the flue in 
the chamber nearer the fire, instead of its being drawn around 
the goods to be smoked, and after warming them, passing away 
through the main flue. 

(b) The damper nearest the empty chamber may leak and 
the one at the other end of the chamber being smoked may be 
tight, with the result that cold air will be drawn into the 
chamber to be smoked through the nearest open wicket, and will 
not only diminish the amount of hot air drawn around the goods 
to be smoked, but will itself take up some of the heat to no 
purpose, and may tend to crack the goods by ])lacing them in 
contact with cold air. 

(c) Both dampers may leak at the same time. In such a cast; 
both the defects previously mentioned will be increased by their 
mutual action on each other, and a particularly unsatisfactory 
fiinoking will be produced. 

The chief precautions to be taken to prevent these troubles 
depend on the causes of leakage, and are as follows: (1) Leak- 
age due to bad workmanship in pasting on the damper, or to the 
use of too thin a clay sli]), or to a slip made of too fat a clay. 
This may be cured by improved workmanship, by seeing that 
the slip is a, thinnish paste end not a mere liquid, and of the 
right composition. In many cases also, the leakage is due to 
insullicient margin round the opening. As already explained, 
this should be ample in order to secure a tight joint. 

(2) Defects in the walling of which the partition is made, and 
which suggest partial rebuilding as the most satisfactory cure. 
The use of a poor paper would act similarly, and either a more 
waterproof pa})er must be purchased or it should be pasted over 
with clay slip. 

(3) Insufficient draught in the chamber being smoked, there- 
by causing a deposit of condensed steam pn the paper partition, 
which soddens it and causes it to collapse, or which may prevent 
Its burning sufficiently soon. The draught in the smoking cham- 
])er, should, whenever the goods will stand it, be as strong as 
that for the remainder of the kiln, and like it should be measured 
with continuous reading gauge. Careless regulation of the 
draught will sometimes put such a sudden strain on the paper 
T.>artition as to rupture it, so that the burner should remove his 
flue-dampers with sufficient slowness. 
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(4) The stove may be too near the damper, and sparks from 
it may set the latter on fire, thereby producing what is to all 
intents and purposes a serious leak. A simple bending of the 
pipe so that no sparks can possibly get on the paper will prevent 
this disaster. 

Special Goods such as hollow blocks, moulded bricks, etc., which 
must be specially protected in the kiln, are usually burned in 
small chambers built for the purpose inside the kiln ; as long as 
these chambers are not large no difficulty need be experienced, 
but when considerable space is required special arrangements 
must be made. 



Fig, 241. — CrosB Reotion of temporary mulfleH. 

Where the demand for goods which have to be protected in 
the kihi is sufficiently great a muffle kiln should be used, but 
when this is not required the arrangement of part of a continu- 
ous kiln, as suggested by F. Hoffmann (figs. 241 and 242), will often 
be found satisfactory. Fig. 241 shows a hollow chamber on each 
side of a special flue, two such chambers and the necessary flues 
extending the whole width of the tunnel or chambers. The 
bottom flues are not built with solid walls but in chequer work, 
the space between the ends of each brick being 2J to 2^ in. The 
side and centre flues are arranged to act as fire-columns as well 
as flues, their construction being shown in cross-section in fig. 241 
and in plan in fig. 242. Full yirotection of the goods is secured 
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by two rows of l^ricks set close and , smeared with daub, which 
form the special chamber. The special goods having been set 
in the chambers provided, a front wall of bricks set close is erected 
and daubed. It is, however, wisest not to build such a wall at 
the end of the “ box ” but only at the beginning, as in this way 
the combustible matter and moisture can more readily escape 
than when the bricks are enclosed on all sides. The rest of the 
kiln is then filled with bricks set in the ordinary way. 

The number of men required depends upon the size of the 
kiln and the output of the making shops or machines. If the 
kiln is large enough, three or even four men may bo employed 
in actually setting the bricks, but for most purposes two are all 
that can work at the same time, and when the output is low a 
single man may be suflicient. Speaking generally, two men work 



Fig. 242. — Plan of two temporary mulflew. 

most effectively with an ordinary 14 or 16 ft. chambtT, pro- 
vided they have the bricks placed conveniently near to them by 
the “ wheelers 

Glazed Bricks must be so placed in the kiln that the'glazed 
faces are protected from the flame. Muffle kilns may ]>e used 
but are cOstly in fuel, so down-draught kilns art‘ generally 
employed. 

A good arrangement is that shown in (ig. 248, and largely used 
by the author since it was published by L. E. Barringer in 1908. 
The stretchers or tie-bricks are unglazed, the glazed faces of the 
headers being set together with a small space between them. 
These narrow spaces are completely covered at the top and ample 
protection is afforded to the glaze. To prevent the arrises of 
the glazed edges sticking to each other, it is often necessary to 
use short bars of clay between the glazed bricks to keep them 
\ in. apart, or the glazed faces may overhang slightly. 
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When the setting is complete the kiln door-ways or wickets 
must be built up with bricks covered with clay paste daub ”) 
to keep out the air! Sometimes an opening for a fire is left in 



the doorway, particularly with Newcastle kilns, end-fired Scotch 
kilns, and in continuous kilns where a ‘‘ wicket fire ” ^s used for 
the drying of the bricks (fig. 185). 

FIRING. 

The methods used for the “ firing ” or “ burning ” of goods in 
a kiln depends upon the type of kiln used and on the nature of 
the goods, but certain general principles apply to all ordinary 
methods of burning bricks. 

The chief requisite for the successful burning of bricks is the 
steady raising of the temperature to a sufficient height at such a 
rate that water and combustible materials may escape without 
damaging the goods, and the expansion and contraction which 
occur during the heating may take place sufficiently slowly to 
prevent the strength of the bricks being diminished. This 
appears a simple matter to those who have no practical experience 
of brick burning, but in reality it is far more difficult than is 
usually supposed. Some idea of the amount of skill required 
may be obtained from the fact that an examination of a very 
large number of bricks from the most important yards in almost 
every well-known brickmaking district has shown that less than 
half the bricks examined were fully or completely burned ! 

There are, in fact, two distinct heat-treatments possible in 
brickmaking: (a) baking, and {b) burning. When bricks are 
baked ” they are heated sufficiently to rob the material of its 
plasticity, but they are not durable under very adverse conditions 

22 




888 


MODERN BRICKMAKING 


of climate or use. “ Baked bricks ” are somewhat soft, and when 
two are struck together a dull or flat sound is produced, which is 
very diflferent from the ringing tone emitted when two “ burned ” 
bricks are similarly treated. Rubbers,” cutters,” bath-bricks, 
and ordinary firebricks are typical “ baked bricks ”. 

“ Fully burned ” bricks are characterized by a distinct ring ” 
when struck, and they do not shrink on further heating except 
when heated to such an extent that change of shape occurs or 
the specimens adhere to each other. Some bricks cannot be fired 
to completion, because the temperature at which they are fully 
burned is too near to that at which loss of shape occurs. Fully 
burned bricks are less porous than those which have been insuf- 
ficiently heated. Engineering bricks and many Midland and 
Northern bricks are typical “ fully burned ” bricks. 

In order to ascertain the amount of heat necessary to burn 
a brick com})letely and the temj>erature to which it must be 
raised before it is fully burned, certain tests must be made. 
These usually consist in making specimen bricks or tiles, 
measuring them accurately and heating them under carefully 
regulated conditions to difi‘erent temperatures. The test-pieces 
arc then examined for shrinkage, porosity, and change of shape, 
and from the results of this examination a fair idea of the most 
suitable kiln-treatment can bo obtained. In making such tests 
it is essential that at least one test-piece shall be over-heated so 
that the highest temperature permissible in the kiln may be 
known. 

A brick is completely burned when it no longer contracts on 
further heating to a higher temperature, ^ and when its porosity is 
reduced to the smallest possible amount without the brick losing 
its shape. There is a tendency amongst certain writers on build- 
ing construction to assume that only fully burned bricks should be 
used. This is by no means always the case, as certain efiects 
cannot be obtained with bricks which have been fired to their 
maximum temperature, and the opprobrium cast upon “ baked 
bricks ” by such writers is often quite undeserved. At the same 
time, it cannot be denied that fully burned and partially vitrified 
bricks are usually far stronger and more durable than those 
which have been subjected to a less severe heat treatment. 

^ Accurate meaBurements will show that contraction never ceases completely, 
but a stage is reached at which its increase, during a large rise of temperature, ia 
so small that it may be disregarded and the shrinkage considered to have ceased.. 
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In this connexion it is curious that fire- bricks^— which are 
primarily intended to withstand the most trying Conditions — are 
never more than “ baked ” in this country, though in Germany 
they are often fired to incipient vitrification. Fire-brick manu- 
facturers would do well to consider this point, which is far more 
vital to success than many of them suppose. 

The following list of maximum temperatures, originally pub- 
lished by Seger, is generally accepted as a standard : — 


Goods. j 

Skofu Cone. 

— 

Tempebatuhe in ° C. 

Porcelain colours and lustres . 

032 to 010a 

600 to 900 

Clays rich in lime and iron 

015c to Ola 

790 to 1080 

Brick-clays ; red-burning shales 

015a to la 

790 to 1100 

Clinkers, paviours, vitrified bricks . 

la to ?0 

1100 to 1300 

Stoneware; salt-glaze .... 

5a to 10 1 

1180 to 1300 

Majolica glazes 

010a to 05a \ 

900 to 1000 

Glazed bricks (hard fire) .... 

(ia to 9 

1200 to 1280 

Fire-clay and porcelain . . . . 

7 to 20 

1230 to 1530 

Silica bricks ; magnesia bricks 

16 to 26 

1460 to 1580 

For determining the refractoriness of clays 

26 to 42 

1580 to 2000 


The figures in the last column are only approximate, and it is 
always preferable to refer to the number of the cone rather than 
to the temperature, especially with the higher numbers. 

In most cases of cl ay -burning the exact temperature reached 
is of less importance than the length of time the goods are ex- 
posed to a certain temperature, e.g. whether the maximum 
temperature is 1250° or 1300° C. matters less than the time of ex- 
posuf e at 1 250° C. The essential question is — “ Has the heat been 
acting for a sufiiciently long time ? ” 

The finishing temperature for most i*efl-burning clays corre- 
sponds to cone 015a to la (790° to 1100° C.), the latter being reached 
with many red -burning shales. Fire-bricks are usually con- 
sidered finished at cone 5a (11 80° C.), but cone 14 (1410° 0.) is much 
more suitable as a finishing point, and far higher temperatures 
are attained in some Continental fire-brick works. 

The maximum temperature to be reached in the kilns having 
been ascertained, it is necessary to consider the stages which 
must be passed through before this temperature is reached. 

Generally speaking, the burning of bricks must take place in 
three separM^e stages, viz. (a) drying or “ steaming ” (sometimes 
called stoving ”) ; (b) preliminary heating and removal of vege- 
table and other combustible. matter ; (c) full fire and completion of 
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the burning. There should, however, be no sudden rise in tem- 
perature in passing from one stage to another, and many success- 
ful burners do not consciously distinguish between the different 
stages. 

The speed at which bricks can be burned depends on the 
time needed to pass through these three stages of firing. The 
first retarder is the amount of. water (whether free as moisture or 
■chemically combined) which exists in the bricks when they are 
first placed in the kiln. With strong, open clays this water may 
be removed rapidly, but with fine, tender clays several days may 
be needed for the “ smoking ” or first stage of l)urning. 

It is not the open or loose clays that dry easiest ; aside from 
openness there must be a natural tenacity of the clay. Jt must 
have an inherent strength to withstand the disruptive force of 
steam. Hence there are two qualities of the clay that will allow 
rapid water-smoking : (1) open structure ; (2) inherent strength. 
A clay that possesses only one of these must be dried slowly. A 
clay that does not possess cither one has to be dried very slowly 
indeed. 

A further cause of slow firing occurs in the second stage of 
burning, and is due to the influence of the carbonaceous matter 
in the clay. 

In clays which are rich in organic matter — the Fletton knots 
for example — great caution is required between the stoving of 
the goods, which may be said to finish at about 200° C., and the 
temperature of 1000° C., when the firing will be nearly finished. 
If the goods are heated too rapidly after the stoving they may 
“ catch fire ” and burn too rapidly, and so become spoiled, or 
they may be burned on the outside and remain black within. 

This production of a black core is especially noticeable with 
certain shales, and with some red-burning clays, and is, in most 
cases, due to the heating being of too short duration to enable 
all the organic matter in the clay to be burned out, and for all 
the iron compounds to have become fully oxidized. It is, indeed, 
necessary for the fireman to study very carefully the length of 
time during which it is necessary for him to keep his kiln at 
one heat— usually at about 900° C., or Seger cone 011a or 09a — in 
order that this black core may not appear when a finished brick 
is broken. 

If, when the bricks, or other goods, reach a dull red heat the 
supply of air to the kiln is insufficient, there is a strong tendency 
to form the black coring, as the iron in the clay is being reduced 
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instead of being oxidized (as it would be in the presence of suffi- 
cient air), and this lower oxide combines with some of the silica 
of the clay at comparatively low temperatures, and discolours the 
goods considerably. In addition to this, gases are often given out 
by the slag thus formed, and the goods are cracked or “ blown 

The pores in clay being very small, and the amount of free 
air in the flue-gases not being in large excess, a considerable 
time is often required before the black core is all burnt out,” 
and in some of the worst clays the kiln must be kei)t at or near 
900° C. for 100 liours or more before it is safe to allow it to rise 
higher and then finish the kiln. Fortunately, the time required 
for this stage of firing is not usually so long, but the stage is 
usually well marked in most clays, ai.d may, for convenience, be 
termed the ‘‘second ” or “oxidation ” stage of the burning, the 
first stage l)eing the “ smoking ” or “ stoVing ”. 

If the heat has been carried on to the vitrification point, with- 
out sufficient time having been taken at a lower temperature to 
burn out the carbon, it would swell the bricks. In the case of one 
fire-clay it is necessary to hold the heat at 500-800° 0., that is, 
several degrees below redness, for seventy hours, ])efore all the 
car])on is burned out. A, drift-clay or glacial-clay found close by 
can be burned out in ten hours under the same conditions. Some 
clays will readily permit of the burning out of the carbon, some 
require a greatly extended time. 

Hence the rapidity with which clays can be burned depends 
largely on the clay. Because one man’s material may require a 
longer time, it does not follow that another cannot burn his clay 
in less. In some des(iri])tions of kilns, in which the patentee 
claims that he can burn several thousand bricks in one or two 
days’ time, it will be noted that the specifications invariably 
state that they will “finish the burning in two days”. That 
means that they have given the clay a pre-heating in order to 
burn out the carbon and dehydrate the clay, so that the time 
required “ to finish burning ” the bricks is spent wholly in “ com- 
pleting,” i.e. in developing colour or vitrification. 

The s])eed at which the fire travels forward in a continuous 
kiln cannot, therefore, be stated with accuracy, though it should 
not, in ordinary cases, fall below an average speed of 11 to 12 ft. 
per twenty -four hours, or 6 in. per hour, thismeasurement includ- 
ing all the flifiereiit stages of firing. With a suitable kiln ten 
times this rate of firc'-travel may be obtained under good con- 
ditions. 
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The speed of the firiag will depend on (a) the nature of the 
clay or goods, and (b) the draught or air-supply, and the latter 
must be regulated chiefly by the former. If the goods will stand 
a quick fire without damage, the more rapidly they are burned 
the better they will be, but all attempts to hurry the fire faster 
than the goods can stand will end in failure to produce satisfac- 
tory goods. 

By using a continuous kiln of very great length and small 
width (as suggested by Biihrer) it is possible with open clays, 
relatively free from vegetable or other carbonaceous matter, to 
Imrn five or even ten times as fast as is usual in this country, but 
a highly skilled Imrner is necessary for this purpose. 

Drying or Steaming . — No matter whether })ricks have l)6^en dried 
or not before entering the kiln, they always evolve* a large 
amount of water before they become red hot. The proportion of 
water varies with tlie amount of clay in the material, but is 
seldojun less than one-sixth of the total weight of the brick. Iji 
other, words, in sj)ite of the most careful drying, a pound of water 
must be removed from ordinary bricks i)efore they are heated to 
redness. The elimination of this water (some of which being 
combined ” with the clay cannot be driven out ])y drying) is one 
of the most delicate operations under the control of the burner, 
as, if it occurs too rapidly, the bricks will be seriously weakened by 
the excessive pressures caused ))y the large volume's of steam 
produced within the pores of the bricks. 

This “ kiln drying ” may be accomplished by the use of waste 
heat from other kilns or chambers (as in a continuous kiln, where 
the heat from the cooling bricks is often employed), or wicket fires 
(fig. 185) or stoves may be used. In single kilns the fires are 
lighted in lifae fireplaces and are allowed to smoulder so that the 
warming takes place very gradually, the fire being aDowed to burn 
more brightly after two or three days. A similar procedure takes 
place when wicket fires are used in continuous kilns, a small 
opening being left in the door-gap into which glowing coals are 
placed or in which a small fire is lighted with (diips, paper, and 
coal. 

Instead of a fire lightcHi in the wicket of a continuous kiln, a 
portable stove is sometimes used, whence the term “ stoving ” 
for this operation. Such a stove saves fuel and the trouble of 
lighting many fires (fig. 187). 

The drying, or steaming, must lie continued until the whole 
of the combined water has )»een removed and the goods are 
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distinctly hot. With most clays this cannot be considered to be 
complete below a very dark red heat, and by the time the bricks 
have reached this temperature a large part of the vegetable and 
other combustible matter will have begun to decompose, and the 
bricks will have entered upon the second stage of burning. 

In continuous kilns the first stage is usually considered at an 
end when the goods have reached a temperature of 120” G. (as 
shown by a thermometer lowered in the kiln) ; but the attainment 
of this temperature really only indicates that the goods are suf- 
ficiently hot for the waste gases from previous cham])ers under 
fire to be passed through them. This is very different from say- 
ing that the goods are really dry or that all the steam has been 
removed ! 

The completion of the “ steaming ” is usually tested 
by placing a long, cold iron bar into the Iiiln or chamber 
and withdrawing it after a few seconds. If much steam 
is present the bar will become damp, but the test is a 
very crude one and far from being satisfactory. 

A much better plan consists in lowering a suitable 
thermometer, protected in a metal case (fig. 244), into 
the kiln by means of a light chain, and reading the 
temperature when the thermometer is again withdrawn. 

The metal case serves, to show any condensable water 
vapour in the kiln, and the thermometer, by indicating 
the temperature, shows the burner whether it is safe to 
fire more vigorously. 

Owing to the large volumes of steam produced during 
the first stage of burning, the kiln should have several 
openings through which steam may escape. Some 
bricks are sufficiently strong to enable the steam to 
be drawn away through flues, but with delicate 
draughts must be avoided as much as possible. mometer. 

There is much difference of opinion as to whether the 
steam should be removed from the upper or lower parts of the kiln. 
As the damp air is specifically heavier than when it enters the 
kiln (because the contraction due to loss in temperature is greater 
than the increase in volume caused by the water vapour) the 
theoretically best method is to withdraw the steam from the 
bottom, but as the constant c^tact of the lower bricks with 
moisture tends to soften them (^ they have to carry the weight 
of the bricks above them) it is, on this account, often necessary 
to remove the steam from the upper part of the kiln. In certain 
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modern continuous kilns the steam may be removed from several 
j)arts of the chamber simultaneously. 

When the bricks are not sensitive to air-currents they can 
most safely be dried and heated by passing hot air through the 
kiln or chamber. 

Volatilization or elimination of combustible matter forms the 
second stage in burning bricks, but the changes which occur in it 
are often exceedingly complicated. Thxis, it is not merely that 
certain materials are volatilized, but the combustion of vegetal de 
and other matter in the clay takes place at this stage, and the 
colour of the bricks is often seriously affected if this portion of 
the burning is unduly hurried. 

As is well known, tlie colour of red-lnirning clays is largely 
due to the presence of red iron oxide, a material which is very 
sensitive to partially burned vegetable matter. Thus, if mixed 
with vegetable matter and rapidly heated with a limited supply 
of air, bricks containing much iron oxide will have a bluish or 
slag colour when taken out of the kiln, as the vegetable matter 
acts as a reducing agent and prevents the formation of the red 
colour, unless the conditions required for its production are all 
present. Many discoloured bricks and most bluish “cores” or 
“hearts” in ])ricks, which should burn to the same colour 
throughout, are due to the presence of carbonaceous matter 
which has been heated too rapidly and with an insufficient 
amount of air. 

To burn a brick to a good colour throughout, it is necessary 
to have an ample supply of air in contact with each particle of 
the brick, so that any iron compounds present may bo completely 
converted into the red oxide. With some particularly difficult 
clays alternate heating, with and without air, may be necessary 
before this red iron oxide can be obtained. 

Most burners make the mistake of using too little ah* and of 
heating too rapidly when the goods are at a temperature of 750 
to 950° C. ; and if a brick when broken shows a distinct core, the 
kilns in which other bricks of the same material are burned 
should lie ke])t for some hours at a temperature of about 900° C. 
(dull red), with an ample supply of air and a clear burningi fuel, 
until it is certain that all the core-forming material has been 
burned out. If once the temperature is allowed to liecome so 
high that partial vitrification sets in, the core can never be 
removed by prolonged burning, as the pores of the brick will be 
closed and air cannot get to its interior ; for this reason, it is 
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essential that the heating should he very steady during the 
second stage of the burning. 

The time required for this second stage varies greatly with 
different clays. With some very open materials it may be passed 
in ten hours, l)ut with dense clays containing much iron and 
some organic matter it is necessary to keep the bricks at a dull 
red heat for four or even five days if cores are not to be formed. 
The most difficult clays to deal with at this stage are those (such 
as some shales) which contain a certain amount of “ fuel ” inter- 
mixed with the clay. 

The method of manufacture has a great influence on the 
time taken for this second stage of burning, and a dry -press 
brick being often less dense than or.e made from plastic clay 
will ))e correspondingly easy to fire. ()cc;isioiially, however, a 
dry -press brick of exceptional density Cs obtained and is very 
troublesome. Pro})al)ly no clay exists which (;annot be burned 
properly at tliis stage, but if the time required is excessive, the 
cost of treatment may make it prohibitive from a commercial 
point of view. 

Clays which contain i>yrites, or other iron and sulphur com- 
pounds, are particularly troublesome at this stage, as the sulphur 
acts as a reducing compomid and tends to form an iron slag, un- 
less the heating is exceedingly slow and tedious and the clay of 
a very porous character. This slag often fills up the pores, and 
prevents a well-coloured })rick being produced. 

Blue bricks are Inirned with a minimum quantity of air at 
this stage, as the formation of a slag is tlesired in order to bind 
the clay particles thoroughly together. This is, however, a 
special case. 

For ordinary l)uft- and red-burning ))ricks, it is highly im- 
portant that, during the time in which they are at a temperature 
of 750° C. to 950° Cs, they should have an abundant supply of 
air and no smoke, and that the teunperature should not be raised 
above a dark red heat until it is fairly certain that the iron has 
been fully oxidized and all comlmstible matter removed. Un- 
less this is done, and the oxidization is completed liefore vitri- 
fication sets in, the formation of cores ” or “ liearts ” is almost 
certain to occur. 

When clays are Imrned at temiieratures approaching 1200°C., 
it is practically impossible to admit any excess of air without a 
special regenerator, and consequently it is impossible to X)re- 
vent an occasional reduction at this temperature. This will not 
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matter much if the clay has been properly oxidized at 900®C., or 
thereabouts. On the otlier hand, it may generally be assumed 
that goods not oxidized at or near this temperature will never be 
oxidized. 

In some cases where irregularly coloured bricks are required, 
it is usual to heat with and without air alternately. This opera- 
tion is known as “ flashing ” and is l:)egun towards the end of the 
second stage of heating. By heating with a smoky flame and but 
little air a bluish shade is produced, and this is partly destroyed 
and replaced by a red shade when the bricks are heated with 
plenty of air. Th(‘ combined shades are sought ])y some archi- 
tects and builders who do not likt^ the “ monotony ” of walls 
made with evenly coloured bricks. In some yards this alterna- 
tion of heating is done more or less unconsciously by the burners, 

. as in the manufacture «f ‘‘ purjde ” sand-faced bricks, which lend 
themselves readily to such trejitment. When blue bricks show 
patches of red oj) them it is a sign that too much air has been 
used at some stage of the I aiming. Clay which has been mixed 
with coal or sawdust needs specially careful firing at this stage. 

A brick which has been ]>roperly fired to the end of the second 
stage will, if Ijroken, ]>e of uniform colour throughout the whole 
cross-section, but it will be soft and weak. If, on the contrary, 
it has been hurriedly fired, or with too little air, it will show a 
spot of dark colour on the broken face, the size of this spot 
depending on the incompleteness of the air-supply. In some 
instances a broken brick shows only a narrow border oxidized, 
the whole interior of the brick being unaffected, whilst another, 
which has been better treated, may only show an unoxidized spot. 

Full Fire is the stage at which the bricks are finally heated, 
the object being to cause sufficient vitrification to form a solid 
and durable brick. In “baked” bricks (p. ^^37) this stage is 
never reached, as the firing of such bricks is ended at the close 
of the second stage, or very early in the “ full fire ” stage. The 
full firing is not complete until the goods have entirely ceased to 
contract without losing shape (and would not do so even if heated 
150° C. or so higher), and when some amount of fusion of certain 
constituents has taken place so that the maximum available 
density is reached. This is somewhat lower than the absolute 
maximum density, which only occurs after the bricks have lost 
their shape, and so is useless for practical purposes. 

• Thus, if a brick or tile made from a clay is found to absorb 
15 per cent of water when fired at cone 022, and only 12 per cent 
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at cone 020, and if, no matter how much hotter it is made, the 
absorption never sinks below 10 per cent without the clay losing: 
its shape, it is clear that for all practical purposes the best finish- 
ing heat is somewhat above cone 020. 

When clays are subjected to a sufficiently high temperature 
a certain amount of fusion takes place, some of the ingredients 
melting and binding the others together in a more or less vitrified 
mass. When this fusion commences, the clay has softened suf- 
ficiently to make the grains stick together, but the particles have 
not fused sufficiently to close up all the pores of the mass nor 
to allow a recrystallization. The broken mass of the clay shows 
a dull surface, with laminatioiib more or less distinctly evident 
in the mass, with many isolated particles showing no heat effect. 
If the burning is arrested at this stage the resultant mass will be 
slightly softer than steel, will absorb water quite readily, and will 
disintegrate under the continued absorption of alkaline and acid 
liquids. It is then said to be in a state. of incipient vitrification. 

Under a continual and gradual increase of temperature the 
<5lay granules undergo an additional softening, sufficient to close 
^ip all the pores and render the mass impervious, owing to the 
production of a larger amount of fused matter. Clays burned to 
this condition show, when broken, an extremely hard surface 
with a smooth fracture, having a slight lustre and showing no 
laminations. The substance will not be scratched with steel, is 
impervious to water, and is completely vitrified. After the vitri- 
fication period is passed a sufficient rise in the temperature 
causes swelling and softening of the clay, until it leaves its original 
form and flows into a viscous mass. Upon cooling, the substance 
may crystallize partially, but usually forms a dark, glassy mass. 

The speed at which the temperature rises during the period of 
full firing may be much greater than during the earlier stages, 
providing that it is sufficiently under control for the bricks not 
to be over-heated. This qualification is necessary, because in 
Bome clays the finishing point of the firing, and that at which the 
bricks lose their shape and are spoiled, are not far apart, and if 
the heating of the kiln at the last is very rapid, many bricks may 
be spoiled by the inability of the fireman to keep the temperature 
within the necessary limits. 

Some burners allow the temperature inside the kiln to remain 
constant for a long time previous to finishing, and this is desir- 
able in some cases. In many instances it is, however, undesirable 
and unnecessary, as any such “soaking^’ should have been done. 
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at a teiRl^wature ROt* 0 xceediiig that of a dull rod hoat (say ^50'* 
and Rot Immediately J>efore finishing the firiuj^. So mu^ depends 
upon the nature of the clay and the effect which it is d^ired to 
obtain by the action of heat that no general rule can be laid down, 
beyond the one that the temperature should increase steadily 
and its rise must be under complete control. 

The firing of a clamp kiln has already been described (p. 65), 
When once started, such a kiln needs no further attention as it 
burns itself automatically. 

Single kilns of all types are started by lighting a fire in the 
various fire-places, taking care to allow it only to smoulder for 
some time so that the first heating is not too rapid , Later the fires 
are stirred so as to open them out, and by more vigorous stoking 
they are caused to burn with steadily increasing intensity until tiie 
bricks are finished. * 

The mouths of the fire-boxes should )>e kept sufiivieiitly oi)eJi 
to allow the requisite amount of air to enter (unless spt'cial air- 
ports are provided), but care should be taken to avoid either too 
much or too little air. The faulty construction of many fire- 1 »oxes 
is responsible for much waste of fuel, and as a. general rule the 
air needed should be sui)plied exclusively through the gi’ate, with 
the exception of that needed immediately after each fresh charge 
of fuel. This supplementary air should be supplied through a 
special series of openings which can be closed when not required. 
The common plan of working without doors and with shallow 
fire-boxes is wasteful in fuel and should be changed as soon as 
circumstances permit. 

The chief precautions to In* observed are those alrea<ly men- 
tioned, but when down-draught kilns are being fired the goods in 
the bottom of'the kilns will be under-fired, unless special care is 
taken to admit air to the upper portions whilst continuing the 
heating of the lower. The reason for this is the peculiar way in 
which coal burns. Instead of being a simple matter, as many 
burners appear to suppose, the burning of the fuel takes place in 
two distinct stages, viz. the burning of tht* gas and the burning 
of the solid fuel. When a fresh lot of coal is placed on a fire the 
heat of the fire converts part of the coal into gas and smoke, and 
if sufficient air is supplied both these. su])stances will be properly 
burned. As soon as the gaseous portion is all driven ofi‘, tlie solid 
part of the fuel (coke) needs a smaller siqiply of air per minute 
for its combustion, and unless some arrangement is made for 
regulating the air supplied to the fuel, too much air will enter the 
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To secure the best results, the air supplied should be heated, 
to at least 600° C., but few kilnS have facilities for this purpose* 
Yet unless hot air is used, at any rate during the production of 
gas from the coal, it is very difficult to avoid the production of 
smoke. The author has used successfully a vertical flue running 
through the walls of the kiln above each fire-box, the air being 
drawn in through an opening near the top of the kiln, its quantity 
being regulated by a simple slide-damper. Some arrangement 
should be made whereby this hot air can be passed over the sur- 
face of the fuel in the fire-box or underneath the grate, the ash- 
pit being kept closed. 

The distribution of the heat in a down-draught kiln is facili- 
tated by using a kiln with a perforated floor. If this has not 
been made at the same time as the kiln, it can usually be added 
at a trifling cost afterwards. 

The chief luecautions in firing a down-draught kiln are those 
already mentioned in this chapter, as referring to kilns in general, 
but there is always a risk in down-draught kilns of the goods in 
the lower portion being under-fired, unless special care is taken to 
admit air to the upper parts whilst still continuing to heat the 
lower ones. This is known as “ getting up the bottom,’’ and is an 
operation needing much skill. 

Broadly speaking, the firing of a down-draught kiln will be 
successful in ]iroportion as the burner is able to recognize the 
varying temperatures in the different parts, and is able to work 
his fires accordingly. To do this effectually he must pay special 
attention to the appearance of the different parts of the kiln, but 
i^specially to that of tlie upper and lower ones. The firing of a 
down-draught kiln is, however, an operation which requires so 
much practice and judgmejit that it is impossible to describe it 
in detail. 

The “ finish ” or end of the firing of a single kiln may be 
accomplished liy closing all the fire-place mouths and other 
openings with bricks, or slabs, so as to exclude all air except 
sucli as may leak through the brickwork, or the fires may be 
drawn out of the fire-places previous to closing these as just 
described. The author prefers an intermediate method, and 
opens out the fires with a poker immediately the goods are 
.sufficiently burned, so as to allow the fuel to burn up rapidly 
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but with BO much air that the temperature of the kiln does not 
increase. When the fires have died down he closes the holes, 
more or less completely, according to the nature of the goods, 
leaving the damper connected to the chimney as widely open as 
the circumstances of the case permit. In this way it is often 
possibly to get a better colour than when the kilns are closed 
completely immediately after the firing, and danger of cracking^ 
the goodp is negligible if care is taken not to allow too much cold 
air to enter at one time. 

Bricks can often be improved gi’eatly in colour if, when the 
firing is finished and the kiln “ closed up,” a number of openmgs 
are made in the front of the kiln about two hours after the com- 
pletion of the ‘‘ closing ”. These openings should be small and 
numerous rather than large and few in number, and they should 
remain open for about an hour or ninety minutes, so that suffi- 
cient air may enter the kOn to “ brighten up ” the goods. The 
holes are then closed, daubed up with clay, and the cooling of 
the kiln allowed^ to proceed in the usual manner. It is remark- 
able what a difference in the appearance of the bricks is pro- 
duced when this simple dodge is resorted to with the majority 
of clays. The improvement is probably due to the fact that the 
discolorations of bricks are mostly due to their being heated in 
a reducing atmosphere, whereas when this air-supply is used 
after the finishing of the kiln, these discolorations are removed 
by the oxidizing action of the air admitted. 

Newcastle kilns often differ from othcji’ single kilns in having 
no grates on which the fuel is fired. Opinions differ greatly as* 
to the advantages and disadvantages of grates, particularly dur- 
ing the third stage of firing, where the coal is liable to clinker 
badly. On the whole it may be said that grates are l>e8t when 
but little clinker is produced, as they enable the fuel to burn 
more economically. Even when much clinker is liable to form, 
the presence of a pan of water or a steam jet beneatJi each grate 
will often reduce the amount produced, and in other (bad) cases* 
the fuel should be fired direct from the ground, the waste of fuel 
being less serious than the waste of time involved in removing 
the <5linker. For bmning building-bricks in Newcastle kilns, 
grates should invariably be used. For fire-bricks— where the 
heat is more intense — grates are often a nuisance, unless the fuel 
is burned in a gas-producer. 

The burner may know when to cease firing his kiln by {a} 
determining the temperature by means of Seger cones or some 
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other pyrometer, or (b) by determining the amount of shrinkage 
which has occurred. This latter is the most popular method at the 
present time, but progressive burners are utilizing it in connexion 
with some form of draught-gauge or temperature recorder as (a) 
so as to secure more uniform results. 

The usual method of measuring the shrinkage is by means 
of a metal rule which is pushed through a hole in the top of the 
kiln from time to time, the heating being continued until the 
bricks have settled to a predetermined amount which varies 
with the clay, but is usually about 1 in. per ft. 

Unfortunately, the amount of shrinkage or settling is often 
influenced by the i>roportion of water in the clay paste used for 
making the bricks, and can only be regarded as a rough guide 
in finishing the kiln. Some firms use small, accurately made 
trial pieces which they draw from the lujns, and measure very 
accurately so as to determine the shrinkage. This method is 
little if any better than the simple use of a measuring rod as 
described, as far as firing bricks is concerned. Seger cones are 
superior for this purpose when properly used. 

The firing of a continuous kiln is a matter requiring special 
care and attention, as failure to keep a sharp look-out on what 
is going on in each cham})er may result in disaster. The num- 
ber of dampers and valves in a modern continuous kiln is often 
large, and a man of considerable intelligence is needed to pro- 
duce satisfactory results. 

There is no greater difliculty in firing a continuous kiln than 
is found in burning an equal number of separate chambers, and 
the labour required is far less, as for the greater part of the 
heating of any chamber no attention is required at all, if the 
kiln is properly built and is sufficiently long. Hence, when a 
burner once gets accustomed to continuous kilns he seldom cares 
to fire single ones. 

In a continuous kiln the main object is to make as much use 
as possible of all the heat available, by passing the products of 
combustion from one chamber through a number of others be- 
fore admitting them to the chimney. This arrangement secures 
a great saving in fuel but must not be carried too far, or the 
goods will be spoiled by “ scum ”. This scum is caused by the 
moisture in the gases condensing on the freshly set goods and 
the acid vapours dissolved by the water thus formed. It is, 
therefore, essential that hot air, free from moisture and fire- 
gases, should be used for drying bricks and raising them to a 
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temperature of 120® C. in a continuous kiln. When above this 
temperature little or no condensation can occur, and the forma- 
tion of scum is thus prevented. The precise means used for the 
supply of warm air for this purpose depends on the design of the 
kilns used ; usually air is drawn through chambers filled with 
bricks which have finished firing. The air passing around the 
cooling bricks becomes heated and is then taken to the freshly 
set chambers, being mixed with sufficient cold air to prevent the 
new bricks from being damaged. 

When no such supply of warm air is available some form of 
stove or a wicket fire must be used, or, if the kiln is one ])rovided 
with grates, the fuel may be placed on these. In some modern 
kilns, special flues for the heating of air arc* einp]oyt*d (pj). 272 
to 275 and 297 to 299). 

As soon as the bricks in a chamber have all reacht'd a ttmi- 
perature of at least 120°C. the s])ecial heating is sfcopi)ed, and, 
by an an’angeinent of dampers, the chamber thus prepared is 
placed in the r'egular circuit of the kiln, the fire-gases passing 
through it before entering the chimney-flue. The number of 
chambers through which the fire-gases pass should not be less 
ill total length ‘then 56 to 70 ft., or, say four or five (diainbers, 
each 14 ft. long, unless some very unusual conditions prevail. 
No fuel is used in these chambers ; they are hc'ated exclusively 
by the waste heat of the fire-gases until they reach a later stage 
in the firing. 

The use of fuel is confined* to about 40 ft. in length or about 
throe chambers, so that a successfully fired continuous kiln of 
medium length (sixteen chambers) will always have one chamber 
being filled, one chamber being emptied, three chambers cooling 
and supplying warm air to the freshly set goods, three chambers 
supplied with fuel and nearing the end of firing, five heated with 
fire-gases only, and three freshly-set chambers heated by wickets 
or warm air. If more chambers are available the number heated 
with fire-gases and fuel may be increased, and two chambers may 
be filled daily instead of only one. 

If there are fewer chambers, as, for instance, in a fourteen 
chamber kiln, the temperatures in each chamber will be some- 
what as follows : — 
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1 chamber 
o • 

Smoking” 

16® to 120° C. 

A 

2 


Heating 

120° to”200° C. 

4 

n 

99 

200°,, 400° C. 

5 

9f 


400° „ 600° C. 

6 


99 

600° „ 700° C. 

7 

i» 

Being fired 

700°,, 880° C. 

8 


880° „ 1067° C. (Cone02fl)i 

9 

91 

Cooling 

1000° „ 600° C. 

10 

19 

99 

600° „ 360° C. 

11 


99 

360° „ 160° C. 

12 

19 


160° „ 50° C. 

13 

19 

Being emptied] 

“ Cold ” 

14 


Being filled 

* .. 


The temperature, etc., of each chamber may also be shown 
(lia^ammatically as in fig. 245 which is a slight modification of 
an illustration published by J. Osman cV Co., Ltd., for their “New 
Perfect ” kiln, but which is equally applicable to any continuous 
kiln with the same number of chambers. 
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4. 
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“Smoking” 
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“Drying”. 

“ Dry.” 

Hot. 

Black 

: Hot. i 

Nearly 
Red Hot. 

Red Hot. 

Being 

fired. 


Fig. 245. — Method of working continuouB kiln ’ 


The firing of a continuous kiln takes place in three stages^ 
viz. (a) “ smoking ” or “ drying ” ; {b) heating by waste heat fronj 
other chain) )er8 ; and (c) full fire, but each of These may be sub- 
divided where troublesome clays are burned. 

The smoking or drying in a continuous kiln is not carried so 
far as in a single one, for as soon as the contents of a chamber 
have reached a minimum temperature of 120° C. they may pass 
to the second stage of heating. 

“ Smoking ” may be accomplished by wicket fires, stoves, or 
the use of hot air from other chambers in the kiln, the last 
named being preferable in every way when the supply of hot 
air is sufficient, and providing that its temperature can be regu- 

1 Some variation of these figures must, however, be permitted, owing to the 
widely different treatment required by some clays. 
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lated with sufficient accuracy. To use this hot air (produced by 
drawing cold air through the chambers containing bricks whicii 
it is desired to cool, or through special air-heating flues above the 
arch or below the floors of other chambers) the necessary valves 
or dampers in the kiln are so placed as to deliver the air where it 
is needed, a supply of cold air being added if necessary. When 
once the dampers have l)eeii placed in their proper positions 
the bricks are warmed automatically, and the burner has only to 
regulate the amount of air admitted, so that the temperature of 
the freshly set bricks increases at the desired rate. 

The construction and arrangement of these hot-air flues have 
been made the subject of numerous patents, and whilst they 
differ from each other in many respects, they have many features 
in common, and the diagram shown earlier (fig. 198) of the 
“ Manchester ” kiln (Dqan, Hethrington Co., Leek) includes tlu^ 
chief features of them all. The chief difficulty to be overcome 
lies in the enormous volume of steam and air to be drawn through 
the chambers during the smoking, and in not a few (tases kilns 
have failed to work successfully for no other reason than that the 
designers did not allow sufficient flue-space for this ])urpose. 

As will be seen from the illustration (fig. 198) the smoking 
may take place in either an upward or downward direction, 
according to the nature of the goods and the wish of the fireman, 
though in this particular instance the ah* from the cooling 
chambers is only shown as coming from the hot air flue S. From 
8 the hot air passes to below the gi’ate of the chamber, up through 
this — the grate in this kiln being similar to that in the Belgian 
and other kilns in which the fuel is kept out of contact with the 
goods, by being fired on a special flat grate — into the chamber A, 
where it dries the damp goods. The steam and hot air then rise 
upwards, as shown in chamber B (which is a section farther along 
the same chamber), until it escapes through large holes in the 
roof to the space between the two arches with which this type of 
kiln is furnished. From the arch the steam passes through a 
large flue to the chimney stack, as indicated by the arrows in the 
illustration. 

This arrangement of a double arch to the chamber enables 
flues of ample size to be constructed so that the steam may be 
drawn off as rapidly as is desired, and the sanui arrangement 
enables an equally abundant supply of hot air to be supplied 
from the cooling chambers to the flue S, from which it may be 
transferred to any chamber needing it. When delicate clays are 
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being dried or smoked the opening of the ‘‘ cold air valve ” per- 
jnits of air of any desired coolness being admitted to the chambers. 
This admixture of cold air is of enormous value in some cases, 
and kilns possessing arrangements for producing it are con- 
sequently l)etter than those without it when high-class goods are 
being fired. 

In many continuous kilns there is no provision for using air 
in this way, the air passing over the cooling bricks being used for 
the main fire or being wasted. In such cases wicket fires or 
stoves must be used, or, if the kiln is provided with internal grates 
these may be used instead. Grates may be built in the wicket 
if desin^d, but a commoner plan is to burn the fuel on the ground 
(fig. 185), a poke hole {a) and another (6), about 1 ft. square, being 
left through which fresh fuel may be added. The fire must 
smoulder or smoke for many hours so as to prevent the bricks 
l)eing over-heated at first, the chamber being separated from those 
on either side of it by iron or paper dampers, and the damper 
connecting the chamber to the main flue being kept open. At 
the same time it is often wise to open the feed-holes in the top 
of the kilns, unless special flues are provided for the removal of 
tile steam. 

When the liricks have reached the requisite temperature 
(120" C.) or when the fireman judges they are sufficiently heated, 
the holes in the wicket are built up and the heating is continued 
by the laeaking down of the pai)er damper, or the removal of the 
iron one, and the consequent admission of hot gases from the 
next cliainl )er. The damper connecting the latter to the chimney 
is closed. 

In many kilns wicket fires are unsatisfactory, because the 
heat is so unevenly distributed tliroughout the chamber and 
the amount of unwarmed space (dead space) is often very large. 
This objection may be iiartly overcome by the setters construct- 
ing a series of flues through the bricks, but some amount of 
unevenness appears to be inevitable. 

A l)etter plan (though not as satisfactory as the use of warm 
air) consists in the use of a number of small stoves which fit into 
the feed-holes in the arch of the chamber (fig. 187) and through 
which air, heated by the fuel in the stoves, is drawn down into 
the kiln. The number of these stoves needed at one time varies 
with the nature of the clay; in many cases a stove should be 
placed in each feed-hole of the chamber to be warmed. As the 
chamber dries a row of stoves is taken to the next chamber. 
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With delicate clays a single row of stoves may be used. One 
objection to the use of these small stoves is the condensation of 
moisture which is liable to occur on the bricks in the lower part 
of the kiln, thus softening and spoiling them. This objection is 
more apparent than real in many cases. 

In order to ensure the whole of the contents of a chamber 
having a minimum temperature of 129® C. it is desirable to use a 
thermometer enclosed in a brass tube, in which a slit has been 
cut so that the thermometer may be easily read (fig. 244). By 
lowering this thermometer into different parts of the chamber by 
means of a thin chain, and after a short interval withdrawing it 
rapidly and reading it, very satisfactory results can be obtained, 
providing that the thermometer is sufficiently slow acting, or has 
some self-regi storing arrangement so that its readings are not 
affected by the time taken to withdraw and read it. 

Unfortunately the thermometer is often used carelessly, and 
many badly smoked cliambers result when this is the case, as the 
thermometer is not a regulator ” but merely an “ indicator ” of 
what is going on inside the chamber, and if its indications are 
(lisregarded, or if its employment is carried out superficially 
instead of thoroughly, well stoved goods cannot be obtained. 

The best part of the chamber for testing with such a ther- 
mometer is as 'dose to the sole as is possible without the ther- 
mometer actually touching it, but temperature readings should 
also bo taken at different heights in the chamber, because the 
<lifference in temperature is often very considerable, and particu- 
larly so when the goods to be fired are very damp. This is one 
reason why goods should not be placed in the kiln unless they 
are as dry as possible, as in’egular heating, even during the smok- 
ing, is not desiralde. 

The difference in temperature between the sole and top of the 
chambers undergoing smoking varies with different kilns, but 
there appears to be a definite relation between the height of the 
chamber, the draught of the kiln, and the proportion of moisture 
evaporated per minute from the goods, though this relationship 
has not been accurately determined. 

It is a rule, common in many brickyards, that the smoking 
must not be stopped until the lowest temperature in the chamber 
is 120° C., but when very wet goods are set it is almost impossible 
to carry out this rule without seriously delaying the kiln, as until 
all the moisture has been driven out from the goods this temper- 
ature cannot be obtained, and the temperature at the sole of the 
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chamber may easily register 700® C. or even show signs of redness 
whilst the upper goods are still at a temperature of only 100® C. 
Thus, it is not uncommon to find that a piece of newspaper will 
catch fire if thrown into one part of a smoked chamber whilst 
another^ part will (on account of the dampness of the goods) still 
have a temperature lower than that of boiling water ! In such 
cases the use of paper dampers between the chambers is unsatis- 
factory, because the paper is destroyed before the whole of the 
chamber is properly smoked, and sometimes the accumulation of 
condensed moisture on it is so great that the paper softens and 
falls. 

It will generally be noticed that the unevenness in temperature 
is greatest when the ventilation of the chamber is low, and the 
rate of drying or steaming is high, as the moisture causes irregular 
currents in the chamber, and the accumulations of water-vapour 
which occur are difficult to dissipate unless some vent is given. 
In some of the more recent forms of continuous kiln, special 
steam vents are arranged for this purpose, but even when these 
are absent much may be done by opening the caps of four or five 
feed-holes in the arch of the chamber, so as to allow the steam 
to escape, or, if the draught of the kiln is strong enough, to draw 
a current of air through the chamber. 

The second stage of heating in a continuous kiln needs little 
comment. The temperature of the bricks must not be allowed 
to rise too rapidly and an ample supply of air must be admitted 
in order to burn out the carbonaceous matter in the clay, but if 
these points are watched, and the precautions mentioned in the 
section on firing single kilns from 800° C. to 950° C. are observed, 
no difficulty need be anticipated. , 

The gases used at this stage of the firing are cairied forward 
through one chamber after another until their temperature is 
reduced to about 200° C. or even less. They must not be used 
when below 150° C. however, or they will cause condensation 
products to form on the goocfe and they will not rise readily u]) 
the chimney. The temperature at which these gases are admitted 
to the chimney will, therefore, depend on the draught required 
in the kiln and on the number of chambers available. As the fire 
travels forward, the time will eventually come when a fresh 
chamber has to be heated by fuel and it thus passes into the third 
stage of firing. 

The full fire or third stage of burning in a continuous kiln 
requires care and skill. The manner in which it is conducted 
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depends largely upon the construction of the kiln. Thus in the 
original Hoffmann kiln small fuel is fed in through the feed-holes 
in the arch and lodges on projecting pieces of brick in the fire- 
shafts placed there for that puri)ose. In this type of kiln, there- 
fore, the fuel is scattered amongst the bricks to be burned. The 
fuel is added in very small quantities at a time, in accordance 
with the old maxim to “ fire lightly but often ”. Tf the burner 
should try any other method to save either himself or the coal, 
trouble is sure to result. The bricks should not })e fired until 
there is sufficient heat in the chamber to ignite the fine coal or 
“ duff ” whicl) is generally used in the burning of continuous kilns. 
If care is not taken in this matter, the fine coal will immediately 
turn to coke, and choke the trace-holes, stopping the draught and 
spoiling the bricks agaiijst which the coke rests. The quantity 
of coal used per thousand will vary according to the nature of 
the clay, but should not exceed cwt. per thousand (common) 
bricks in a well-designed kiln. 

The author’s personal experience is that every (iontinuous kiln 
requires careful and regular attention to make good work, and to 
get the most out jof it. It must be fired very regularly and very 
lightly ; by no means must a flue got blocked or have a large 
quantity of fuel in it. 

To get the grea,test quantity out of a kiln a regular draught 
should be maintained, and as long a length of fire as the kiln will 
allow. The fireman must be constantly feeding ; he should not 
put down more in each hole than it will consume by the time lui 
gets to the last, so that he commences again at the first as he 
leaves at the last, and should just keep sufficient up-draught to 
burn the brit^ks on top. lie should work in a contrary direction 
to that in which the fire travels, or the smoke from the last-fired 
holes will prove troublesome. 

If a continuous kiln travels slowly, a quantity of coal or cinders 
collects in the bottom ; this means black-ended 1 )rickB. It is often 
as well, if there is anything on the bottom, to stir it with a. rod 
after the ))ricks have got below burning heat. The back rows 
should be left at as near a burning heat as ]) 0 ssible, then the 
coal will all burn away, and leave the kiln bottom clean and the 
bricks free from black ends. 

The whole secret of successful burning is attention and 
regularity. 

In the more modern types of continuous kiln a series of gi'ates 
running from front to back is used. This amingement, first intro- 
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(luced in the “ Belgian ” kiln, has become very popular, as it makes 
both setting and firing much easier and the heating is more under 
control. The fuel may be fed on to the grates through openings 
in the front of the kiln or through the usual feed-holes in the arch, 
some burners preferring one and some the other method. Air 
for the combustion of the fuel may be supplied direct from the 
atmosphere to below the grate, or special flues may be used. To 
some extent air from the chamber last finished firing may also 
be employed. 

The fuel on the grate should be kept at^one depth, and fresh 
fuel should be added in small quantities at a time, as, if too large 
a. quantity of coal or fuel is added at once, the cooling effect it 
produces will cause the violent producuon of smoke and the waste 
of much heat. 

AVhen properly fed with a fair quantity of coal, the combus- 
tion is so complete that no elinkering is needed during the heating 
of the chain her. The small quantity of ash produced may be 
removed when the bricks are drawn from the chamber. 

By working with a fair depth of fuel the conditions usually 
met with in a producer are obtained, and in consequence there is 
but little advantage to be gained by the installation of gas-pro- 
ducers when a kiln of this type is used. 

The accurate control of temxieraturo in kilns has only been 
attempted by a small number of brickmakers in this country, and 
the majority of burners estimate temperatures by the eye (which is 
often defective, though in many cases remarkably accurate), and 
decide that when the shrinkage of the bricks has reached a certain 
amount it is time to cease firing. 

Whilst these “guides” are quite accurate enough for the 
manufacture of common bricks from many clays, they are far 
from being reliable with more delicate materials, and other moans 
must bo adojited. 

For most purposes the use of Heger cones is to be recom- 
mended, as these aresimplea^d chea]) in use (costing only Id. each) 
and are very reliable. Such cones do not register temperatures 
so much as the result of heat action, but as the latter is what the 
brickmaker wishes to know, cones are often more valuable to him 
than a pyrometer would be, and this in spite of the fact that the 
]>Tolonged action of beat at a certain temperature will bring down 
a c.one which is only rated to fall when subjected to a higher 
temperature. “ Tbermoscopos ” are bars which “ sag ” on heating. 

S{‘,ger cones are pyramidal pieces of partially burned material 
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resembling easily fused porcelain (fig. 246). They are made from 
various mixtures of clay and fluxes 
under very careful supervision, and 
are rigorously tested before being 
sent out. Similar cones by other 
makers are occasionally offered for 
sale, but should be avoided unless 
the conditions of their manufacture 
are known or their reliability can be 
guaranteed. 

Seger cones are so constructed that when one is embedded 
in a stiff piece of clay paste to the depth of one- eighth inch or 
rather less it stands upright until it has been heated to a given 
temperature. It then bends over until its ])oint touches the 
clay base, and if still further heated it molts. The temperature 
indicated by the cone is that at which its point just reaches the 
level of the base (fig. 247). A lower temperature will not cause 
it to bend so much as this, and a higher one will cause it to 
collapse. The cones are sold to indicate differences of 20 C. for 


Fig. 248. — “ Case ” for 
Fig, 247. — Seger cones in “ case ”. holding Seger cones. 

all temperatures from just below the earliest visible red heat to 
those at which the most refractory clays melh 

The cones are placed in different parts of the kiln at various 
heights in order that they may enable the burner to secure 
regularity of heating. At first a larger number of cones will be . 
required, but later (as the burner becomes accustomed to their 
use) three different numbers of cones in each part of tlie kiln will 
be sufficient. 

Of these three numbers, one is intended to act as a “ warner,” 





Fig. 246.— Method of placing 
Seger cones. 
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ashowing that the finishing temperature of the kiln is being 
approached, the second is intended to show when the kiln has 
reached the correct finishing point, and the third is* to indicate 
(when the kiln is drawn) whether any over-heating has taken 
place. 

The cones must be so placed that they can be seen through 
«py -holes placed in the walls of the kiln (these holes being norm- 
ally plugged with blocks or pegs sealed with clay paste) and the 
•cones should not be too near the outside of the kiln. In most 
•cases, the arrangement shown in fig. 246 is satisfactory ; but, if 
preferred, a “ case ” (figs. 247 and 248) may be used. 

The range of temperature covwed by these cones is shown in 
the following table : — 


No. 

Cknt. 

No. 

Cent. 

No. 

Cent. 

No. 

Cent. 

022 

600° 

07a 

960° 

9 

1280° 

29 

1650° 

021 

650° 

06a 

980° 

10 

1300° 

30 

1670° 

020 

670° 

05a 

1000° 

n 

1320° 

31 

1690° 

019 

690° 

04a 

1020° 

12 

1350° 

32 

1710° 

018 

710° 

03a 

1040° 

13 

1380° 

33 

1730° 

017 

730° 

02a 

1060° 

14 

1410° 

34 

1750° 

016 

760° 

Ola 

1080° 

15 

1435° 

35 

1770° 

Olda 

790° 

la 

1100° 

16 

1460° 

36 

1790° 

014a 

815“ 

2a 

1120° 

17 

1480° 

37 

1826° 

018a 

835° 

3a 

1140° 

18 

1,500° 

38 

1850° 

012r 

855° 

4a 

1160° 

19 

1520° 

39 

1880° 

011a 

880° 

5a 

1180° 

20 i 

1530° 

40 

1920° 

010a 

900° 

6a 

1200° 

26 

1680° 

41 

1960° 

09a 

920° 

7 

1230° 

27 

1610° 

42 

2000° 

08a 

940° 

8 

1250° 

28 

1630° 




Electrical and optical pyrometers are used in research work in 
•t'onnexion with brickmaking, but are not, so far as the author 
is aware, employed as an integral part of the ordinary manu- 
facture, as they are delicately constructed, require special skill 
in use, and for most brickmakers’ purposes have no advantage 
•over the Seger cones just mentioned. 

For firing continuous kilns it is becoming increasingly common 
to check the work of the burner by means of a self-recording 
draught-gauge (fig. 249). This is desirable, because the main- 
taining of a constant draught is essential to success. 

The chart shown in fig. 250 indicates the variations in the 

' Nos. 21-2o are not now manufactured as their indications are too close together. 
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draught of a kiln in which the fuel was usually added at intervals 

of 40 minutes, Imt by 

j ~ ^ 110 means regularly. 

^ Thus, between 1 2 and 2^ 

] T T 1 ■ o’clock, over an hour 

/ H elapsed between the 

nUlj addition 

l||| of fuel occurred. The 

H draught varied greatly 

ii'i’O^u- 

I I ' I Such a chart is eharac- 

1 1 jkiJ‘ teristic of a soiiiewhat 

/ \ I careless iirouian. 

^ T-- ^ )\ great variations 

^ y| duo to wind naturally 

Fig. 249. — Obel recording drauj'ht-gaujjie. lead to seiious vaiia- 

tioiis. Tlie actual regu- 
lation of the draught, so as to kee]) it at a constant value, inusl 

be done by means of 
<lainia*rs of various 
]>a.tterns, and by seeing 
that then*, are no serious 
leaks in the dues or 
walls of the kiln. As a 
check or means of (con- 
trol of these numerous 
factors the self-record- 
ing draught-gauge is in- 
valuable, as will be 
readily understood from 
the chart rei)roduced 
from the ‘‘ Tonindiistrie 
Kalender". Against all 
the usual troulleswhich 

Fin. 250.-Chart of kiln (tmu((ht. nigllt, wllPll the 

firemen axe more or less 
sleepy, the gauge is a great assistance, as there is no means of 
falsifying its record short of breaking the instrument itself. 

It is the constant use of an apidiance of this kind which eii- 


Fig. 250. — Chart of kiln draught. 
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ablos a Imriior to apprwciat(‘. tho advantajj:^ of inechanioaldrauj^bt 
l)ro(luced by the aid of a fan. 

It is, occasionally, necessary to work at a lower rate of fire- 
travel than usual, on account of an insuflicient su]>ply of bricks, 
or because of the works beinpj closed on Sundays and Saturday 
afternoons. Where the older type of continuous kiln is used it 
is difficult to damp down for more than twelve hours, but with a. 
modern (‘haiula^r kiln, in ^>[ood order, little trouble is experienced. 
The best way, in each case, is to retard the burninp; as far as 
l)0ssii)le by red uci lift* the draught, and feeding at considerably 
longer intervals. At the same time a Hat face of burnt bricks 
should be exposed in the chamber where drawing is in jirogress, 
and this should l)e pajiered over completely with the “ papier 
damper ’’ used generally in barrel kilns. This paper damper 
must be watched, and it can be ])ierce(1, if found necessary, 
near the to]) to admit some air. As a rule, however, the kiln 
walls leak suf!i(*icntly to lot in the air reipiired. This damper 
will ])revent too rapid cooling of the fire, and if the same feed-holes 
are kept in oi)eration as long as jiossible the advance of the fire 
will ])e very slow. In some modern kilns the paper may be un- 
nec(*ssary, as tlie danpiers will shut ofl'all undesirable heat. 

Provided a chamber is ke])t well closed, tlie amount of heat 
lost will not be- serious, and the amount of fuel burned will l)e 
inconsiderable. It is, liowevcr, unwise to leave a chamber in 
which the firing of the goods is almost complete, without finish- 
ing it off |)ro])erly, the other chambers being Jield back in such 
a. manner as to inwent any harm occurring to their contents. 
Thus, it will not, as a rule, seriously damage goods to ])e kept 
indefinitely at 15(PC. l)elow their finishing ])oint, unless they 
are glazed, though it is best to kec]) the temperature as low as 
]) 08 sible in goods which <?a.nnot be finished at the normal rate. 

If ke])t soaking too near the finishing tem])erature, there is a 
tendency for the lower heat to act as the Jiigher tem])crature 
does in a shorter time, and finish the goods before the fireman 
expects it. lienee, it is not always possible to place full reliance 
on certain forms of beat indi(*.ator (such as cones and thermo- 
scopes) when the goods are put under the infiiience of an a)>nor- 
mally long soaking. 

Starting again after ii holiday or otliei* sto])])age is a difficulty 
in the older forms of (‘-ontinuous kiln, lait in those with gratt^s 
running from the wicket to the ])ack of the kiln this difficulty is 
not nearly so noticealOe, and in several of the mor(‘ modern 
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forms of continuous kiln the simple addition of more coal to 
that on the grate, or box, is sufficient to restart the burning, 
especially if hot air is used to aid the combustion, as it is in the 
best forms of continuous kiln. 

The essentials for a kiln in which the output is irregular, or 
subject to frequent stoppages, are suitable grates or boxes for the 
fuel, a good system of hot-air supply for the combustion of the 
fuel, and a simple means of completely isolating each chamber 
from the rest. These conditions are found in the more recent 
forms of continuous kilns. 

The following “Don’ts for Firemen,” puldished anonymously 
111 the “ British Clayworker,” contain iimcJi sensible advice in brief 
form : — 

“ Do not leave your kiln until your mate has arrived at the 
end of your shift ; if life is ill or late the kiln may be spoiled. 

“ Do not forget to tell your mate exactly how matters stand 
when he arrives. 

“ Do not think that a few minutes more or less between the 
firings will make no difference with a continuous kiln. Punctu- 
ality in firing is worth far more tlian irregularity and skilled 
‘ dodging 

“Do not think that you can make up with heavy baitings for 
neglect at an earlier period. Such neglect always leaves its 
marks for the man who can read them. 

“ Do not fail to repair any leaks in the kiln walls, or, if they 
are too much for you to manage, do not omit to inform the man- 
ager or master. Much coal and lalmir can be saved by keeping 
a kiln free from leaks. 

“ Do not fail to be informed if damp goods are put into the 
kiln, so that you may regulate your firing accordingly. 

“ Do not hurry the first period of firing. Better a slow kiln 
and good results than a quick fire and a large scrap heap. 

“ Do not omit to clean out the fires properly. Efficient clean- 
ing improves the goods. 

“ Do not admit quite cold air to the ])art of the kiln to be 
heated. There are many ways of supplying warm or hot air in 
abundance ; use one or more of them. (See “ hot air ” in Index.) 

“ Do not let the heat travel irregularly, especially in a continu- 
ous kiln. 

“Do not omit to give an eye to the setters, so as to ensure 
their work being properly done. Better a little time spent in 
this way than hours lost in trying to work a badly -set chamber. 
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Do not forget to look frequently at the dampers ; neglect of 
this caution may cause serious trouble. 

“ Do not use damper-plates which are badly warped or bent. 
Get them made right or replaced by new ones. Warped dampers 
waste fuel. 

“ Do not think that no skill is needed with paper dampers. 
See that they fit tightly and remain whole until you are ready 
for them to break or burn. 

Do not dawdle with the full fire ; but heat as rapidly as the 
goods will stand. Slow firing gives dull finishes. 

“ Do not carry the full fire too near the freshly-set goods in a 
continuous kiln, and, 

Do not start firing in a chamber until the goods in it have a 
temperature of at least 1 20° C. 

“ Do not forget to test the temperature qt tiie end of the smok- 
ing or stoving stage with a thermometer. 

“ Do not think a poker will do instead of a thermometer for 
testing for steam in a chamber. ‘ Poker results ’ are often mis- 
leading. 

“ Do not fail to test the draught of the kiln frequently. A 
draught-gauge is often the best aid to efficient firing. 

“ Do not think that the shrinkage of the goods will always in- 
dicate that they are finished. It all depends how dry they were 
when set. 

“ Do not finish ‘ by eye ’ alone. Use cones, or trials, or both. 

“ Do not think that all kilns are alike. Study the ones you 
have to work as carefully as possible. 

“ Do not cool too rapidly ; you may shatter the goods. 

Do not ‘soak’ your kiln because it was necessary at your 
last place. With a different clay it may be an absolute injury 
to the goods. 

“ Do not hurry oft* a kiln at the finish, or the goods will be un- 
sound, but 

“ Do not keep the kiln over-long at a top heat ; it may cause a 
‘ crush 

“ Do not forget that the burner’s work is about the most im- 
portant of all, for no matter how skilfully the previous stages 
may have been carried out a careless burner can spoil the 
whole.” 

Cooling . — The average burner believes that bricks should be 
cooled as slowly as possible, whilst his employer considers that 
rapid emptying of the chambers is desirable. Consequently, the 
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one tends to unnecessary delay and the other to undue haste in 
drawing the kilns. Between these two extremes lies the correct 
method of cooling. 

With single kilns, the cooling is less under control than hi 
a continuous one, though much may be done by judicious altera- 
tion of the dampers, particularly when the kilns are enclosed hi 
another building. When the kilns are exposed, the cooling must 
be slower if there are no facilities for using air at a temperature 
but slightly lower than that of the cooling goods, and if rapid 
cooling is attempted without these facilities the bricks will crack 
and break. 

Many tests carried out by the author on a large number of 
different clays show that tJie cooling may be relatively rapid 
until a temperature of about 600" C. is reached ; it must be slower 
for the next 800° C. or^ thereabouts, and after this it may again 
become more rajiid, jiroviding that (^old draughts are avoided. 
In single kilns it is impossibh* to cool very rapidly and at the 
same time avoid cold draughts, and with such kilns it is, there- 
fore, necessary to cool slowly, and whilst no definite rate of cool- 
ing can be stated, it is wise to allow the cooling to take the same 
time as the heating r(‘(iuired between the end of the smoking 
a,nd the finishing of the ebani)>er, omitting any special tinu* 
allowed for prolonged soaking in order to burn oii1 carbonaeinus 
or other matter, or to completely oxidize the iron. 

The best rate of cooling must, however, be determined se])ar- 
ately for each kiln ; and iirovided the goods are not damaged, 
and no serious (piantity of heat is lost, the more rapidly the 
chambers are cooled the better. 

With a large continuous kiln much more rapid cooling is pos- 
sible, as the air eni])loyed for this purpose may be used at a 
temperature but little- below that of the bricks, and, consequently, 
large volumes of air may be employed without in any way 
damaging the bricks. 

To cool bricks ra])idly requires a continuous kiln ol’ great 
length, as at least 60 ft. should form the cooling portion, and 
for very rapid cooling twice this distance is needed in some 
cases. The bricks will then cool as steadily as they were heated. 
One of the most foolish iiractices in many otherwise well-man- 
aged yards is that of having too few chambers in the cooling 
portion of a continuous kiln wheji a rapid output is required. 

Attempts have been made at various times to hasten the 
cooling by blowing air into the kilns. These have only been 



FIRING 


867 


•satisfactory when warm air has been used, and this is commerci- 
ally unprofitable iji most cases. 

The ordinary brickmaker who wishes to cool single kilns more 
rapidly than usual, should make openings near the roof of his kiln 
and should leave his main dampers fully open. If the kiln has 
a flash-wall or bags, the fire-boxes may be opened partially, and 
the damper regulated accordingly so as to prevent too rapid a 
i^urrent of air being drawn through the kiln. Bricks vary so 
much in their abilities to withstand sudden changes of tempera- 
ture that each maker must decide, by actual trial, what is the 
liest method of cooling his kilns. 



CHAPTER IX. 

VITRIFIED BRICKS FOR SPECIAL WORK. 

Fob certain engineering work, bricks of exceptional strength 
are required, and for this purpose those which are more vitrified 
than ordinary build dlg-bricks are selected. The reason for this 
is that in a well-vitrified brick the burning has been carried as 
far as possible, and the particles are bound together with a species 
of glass into a mass of enormous strength. 

The colour of engineering bricks is of secondary importance, but 
great strength and accuracy of shape are essential. In different 
districts very different kinds of bricks are used for this purpose, 
a vitrifiable red-burning shale being popular in Yorkshire, a 
similar buff-burning shale being used in some parts of the Mid- 
lands and West, but the most popular engineering bricks are the 
“ blue bricks ” made in Staffordshire. 

These blue bricks are really slag- coloured, and are made from 
special clays (locally known as marls ”) which occur in great 
masses in South Stafibrdshire, particularly in the neighbourhood 
of Dudley. These clays require the use of powerful machinery 
as they are difficult to crush, and the kilns must be fired at a 
high temperature in order that vitrification may be as complete 
as possible. The “ blue ” colour is obtained as the result of the 
reducing conditions in the kilns at the high temperatures used^ 
and under-burned bricks made from the same materials are red in 
colour. The iron oxide in the clay is reduced to a lower oxide 
and formed into a silicate, previous to the end of the firing. A 
similar effect is produced in some German works by the intro- 
duction of tar and oil into the kilns when they have reached the 
maximum temperature and are almost ready for closing. 

In making blue bricks from the Staffordshire marls, several 
superimposed materials are available, as will be seen from a study 
of a geological survey map of the district, which shows this long 
bed of “ clay very distinctly. As most of the eight or ten different 
layers found are of similar composition, they are mixed together 

( 368 ) 
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for brickmaking, but it is unwise to use the lowest beds, as they 
often produce a scum. 

The material must usually be obtained by blasting and fell- 
ing and is taken by wagons (into which the materials are put in 
the proper proportions) to the crushing plant. Here it passes 
through several sets of rolls (figs. 46 and 47) and thence into 
a mixer and pug-mill. Formerly the bricks were moulded by 
hand, but wire-cutting (pp. 76 and 180) is now the most popular 
method. For bricks of more than ordinary accuracy repressing 
(p. 189) is practised. The bricks are dried on heated floors 
(p. 157) or in tunnel-dryers (p. 161), and are fired in up-draught 
kilns of rectangular or circular shape. 

The use of continuous kilns for blue bricks has only been 
successful within the last few years, as very high temperatures 
are required and the conditions of burning are peculiar. With a 
double-grated chamber-kiln working on the continuous principle 
(Barnett’s patent, p. 800), perfectly satisfactory blue bricks may 
be obtained, using only about half the amount of fuel ordinarily 
consumed. 

The exact temperature reached in blue-brick burning differs 
considerably in diflbrent works in the same district, but is 
seldom less than 1200“ C. 

'The atmosphere inside the kiln must be strongly reducing, or 
alternately oxidizing and reducing, in order to gain the full advan- 
tage of the fluxing power of the iron oxide present. With the 
clays most suited for blue-brick manufacture there is no need for 
special luecautions being taken, providing the kiln is heated 
steadily and finished at a sufiiciently high temperature, and that 
it does not leak excessively ; but with less suitable clays the pro- 
duction of good blue bricks demands the consumption of a large 
proportion of fuel, and the exercise of considerable skill in the 
firing. 

In each case, very little air is admitted during the last eight 
or ten hours, the dampers being partially closed during this period. 
Immediately the firing is completed all openings into the kiln are 
closed so as to exclude air until the bricks are quite cold, other- 
wise they will be of a reddish colour. 

Some burners throw a little salt into the kiln just before the 
close of the firing in order to facilitate the vitrification, but this 
is not to be recommended. 

Clinkers and Paving Bricks are vitrified bricks of any colour, 
their chief characteristic being hardness without brittleness. 

24 
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They may be made from any material in which the temperature 
of vitrification and that at which the brick loses its shape are 
not too close together. The manufacture of such brieks calls for 
no special description, as the chief precaution to be observed is 
that the firing must be sufficient to produce the necessary vitrifi- 
cation without making the bricks too brittle or warped. 

They are chiefly made from low-grade fire-clays, shales, or other 
brick-earths naturally rich in alkalies, but occasionally the ad- 
mixture of a refractory clay with an easily fusible one will give 
<}qually good results. It is seldom possible to add a flux (such as 
Cornish stone) to a refractory clay in order to produce a good 
vitrified brick, as the particles of added matter are too coarse, 
Seger having found that, for successful work, the alkalies in the 
clay must be so finely divided as to be present in the finest par- 
ticles obtained by waB^)ing in a Schone’s elutriating apparatus. 

The standardization of paving bricks has been carried out 
far more completely in America than in Europe, the following 
ri^quirements ahd tests being in regular use : — 

(а) The size of the brick is known as “ block size,” ^nd must not 
vary more than J in. in any block. The preferred size is in. 
by by 4 in., exclusive of all lugs or projections ; but bricks of 
other dimensions may be accepted for use provided the depth 
is 4 in. 

(б) Projections or lugs are required. 

(c) The brand or mark of the brick, to identify it by name or 
otherwise, must be on each brick. No blank bricks are to be 
used. 

(d) The shape of the bricks must be uniform and regular, and 
must not be distorted more than J in., from the straight edge laid 
in any direction on them. Edges must be rounded. All bricks 
must be repressed. 

(fl) The material of the bricks must be homogeneous, uni- 
form, free from laminations, cracks and voids, only very minute 
fire- cracks being allowed. The material must be thoroughly 
annealed, fused, and vitrified to toughness without excessive 
brittleness. 

(/) The abrasion or rattler test must be made in a standard 
rattler by the method of the National Brick Manufacturer’s As- 
sociation and the American Society of Municipal Improvements, 
‘The maximum loss of any one brick shall not exceed 18 per cent of 
its original dry weight. The average loss of all bricks tested at one 
time 'must not exceed 14 per cent. The standard abrasion 
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machine or rattler is a cylinder of 14 staves or sides, J in. apart, 
inside diameter 20 in., length 20 in. It has no interior shaft, and 
revolves at 30 revolutions per minute for one hour. It contains 
a charge of 300 lb. of foundry iron shot of two standard sizes ; 
and the charge of brick for a test InuBt approximate 1000 cu. 
in., which is about nine bricks of the block size. Records of each 
brick in each test must be kept. 

{g) The modulus of rupture or cross- breaking of any one brick 
must not be below 2500 lb. The average of all bricks tested 
must not be below 2700 lb., by the regular formula M=:(3WL) 

(2AD) in which L==:6 in. between supports, W = breaking pres- 
sure, A « area of cross-section at break and D = thickness of brick. 
The bricks must be tested on the side and the pressure applied 
Jialf-way between the supports. At least three bricks must be 
submitted to this test. , ’ 

(h) The absorj)tion of water by any one brick must not be 
greater than 3 per cent. The average absorption of all bricks 
tested must not exceed 2 per cent of their dry weight. The ab- 
sorption tests must be made on either abraded or on broken 
l>ricks, by drying them for twelve hours in an oven, then soaking 
them for twelve hours in water. The increase of weight due to 
water absorbed, divided by the weight of the dry bricks, gives the 
]>ercentai!:e of tlie water absorbed. At least three bricks must be 
used for this test. 

(i) The density or specific gravity must be determined exclusive 
of the porosity of the brick. No bricks must have a density of 
less tluin 2*30, and the average density of all bricks tested must 
not be less than 2*35. 

(j) The hardness is expressed in terms of Mob’s scale for min- 
erals, in wJiich 100 is the diamond. The hardness of any brick 
must not l)e less than 60, and the average hardness of bricks 
tested must not be less than 65 (i.e. between felspar and quartz). 

(k) The crushing resistance must not be less than 7500 lb. per 
sq. in. for any bric>k, and the average resistance to crushing 
of all bricks tested must not be less than 8500 lb. per sq. in. 
The crushing tests must be made on about one-sixth middle 
sections of brick, with pressure applied in the direction of thfe 
whole thickness of the brick, which is the least dimension of the 
l)rick. At least three bricks must be used for this test. 

(l) Chemicjil tests may be made to determine if there are any 
water-soluble substances, such as free lime, potash, soda, etc., in 
the bricks ; and if more than a trace is present the entire lot of 
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bricks from which the sample has been taken must be re- 
jected. 

There is no immediate prospect of these or any other stand- 
ards being recognized by the paving brickmakers of this country, 
as the use of bricks for road-making here is not apparently in- 
creasing. In countries such as the United States and Canada, 
where great extremes of heat and cold are experienced, pave- 
ments made of brick possess many advantages over macadam 
and other well-known materials. 

Acid-proof Bricks are used in large quantities in the manufac- 
ture of various chemicals. They must be strong and accurate in 
shape and as resistant as possible to any chemicals with which 
they may come in contact. Many fire-bricks are sufficiently 
acid-proof for most purposes, particularly if salt-glazed, but 
when a superior brick fs required a ball- or stoneware-clay must 
be used. Acid-proof bricks are not usually required to withstand 
violent changes in temperature, so that they need not be made 
of clay possessing great heat resistance. The best acid-proof 
bricks are those containing a considerable proportion of true 
clay, the exceedingly fine particles of which fill up the voids 
otherwise present, and the brick is made impervious apart from 
any vitrification which may have occurred during the firing. 

The standard test for determining the value of acid-proof 
bricks is to ascertain their crushing strength before and after they 
have been soaked in concentrated sulphuric acid maintained at 
a temperature of 90° F. for seven days. All the best bricks sold 
for chemical works at the present time are quite unaffected by 
this treatment. 



CHAPTER X. 

FIRE-BRICKS AND BLOCKS. 

The manufacture of fire-bricks and blocks lias been carried on 
for many years in a somewhat rudimentary manner, and it is 
only recently that the more important firms attempted to improve 
their product and bring it up to date., 

In earlier times fire-bricks and blocks were only required to 
withstand relatively low temperatures, but, with the increasingly 
stringent requirements of modern metallurgists and other users 
of furnaces, it is necessary at the present time to make use of 
every available assistance which science can render to the fire- 
brick maker. 

Investigations have shown that various users require widely 
different characteristics in fire-bricks and blocks, and a material 
which suits one customer well may be entirely unsuitable for an- 
other. It is, therefore, necessary to know what characteristics 
are required before the value of a fire-clay can be stated. 

The materials from which fire-bricks and blocks are made are of 
four main classes : (1) fire-clay ; (2) rocks consisting of almost pure 
silica ; (8) rocks composed chiefly of silica but containing about 
10 per cent of clay and known as “ganister’’. Artificial imita- 
tions of ganister are also used ; (4) neutral and basic materials 
such as chromite and magnesia. 

The treatment of the materials depends on their nature, and 
the three chief processes used must therefore be described : — 
Fire-clay bricks are made from various seams of fire-clay found 
in several parts of the country, the most noted deposits being in 
West Scotland, Northumberland, Yorkshire, the Midlands (Bur- 
ton and Ashby-de-la-Zouch), Buckley, Stourbridge, Shropshire, 
Devonshire, and Wales. The materials from these various sources 
differ widely in composition and character. 

The West Scotland fire-clays (including those of Glenboig)are 
noted for their unusual heat-resisting power. They require to 
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be fired at a very high temperiiture, as otherwise they are soft 
and weak. 

The Northumbrian fire-clays are chiefly found near the Tyne, 
and are richer in alumina than those of Scotland, tjnfortunately, 
this advantage is more than neutralized in several cases by the 
presence of an excessive proportion of fluxing material (alkalies 
and lime) which greatly reduces the heat-resisting power of the 
bricks. Several seams in Northumberland and Durham are, 
however, of excellent quality. 

The Yorkshire fire-clays are found chiefly near Leeds and 
Halifax, but the material crops up unexpecte^y in several other 
parts of the county. In South Yorkshire it is associated with 
ganister (see later). The fire-clays in Yorkshire are peculiarly 
variable in composition, the alumina varying from 15 to 39 per 
cent. The clays richest^in alumina are found nearer the surface, 
but are much more tender than the stronger ones found at greater 
depths. 

Taken as a v^hole, the Yorkshire fire-clays are amongst the 
most refractory, but they have not hitherto been worked so as 
to develop this property to the fullest extent, as they are almost 
invariably under-fired and so shrink in use at abnormally high 
temperatures. 

The Midland fire-clays are more readily vitrified than most 
others of equal quality, and are therefore in great demand for the 
manufacture of close-grained bricks and sanitary pipes. They 
are not usually so resistant to heat as some others, but where 
other factors (such as the cutting or corrosive action of dust and 
fire-gases) have to be considered, they are very valuable, and 
under some conditions prove more durable than more infusilfle 
l^ricks from other districts. 

The Stourbridge fire-clays have a world-wide reputation for 
refractoriness. The composition is remarkably constant, though 
unexpected variations occur at times. The average proportion 
of alumina is about 22 per cent — ^thus corresponding to the 
Scotch and some Leeds clays — but portions of clay with over 36 
per cent of alumina have been found. 

The Devonshire fire-clays, like those of the Ashby district, are 
relatively easily vitrified, but considerable variations in quality 
exist. The most noted fire-clays in this county are found in the 
Teign valley, and often contain considerable proportions of under- 
composed granite; They are, therefore, used for the manufacture 
of vitrified bricks where the greatest resistance to heat is not re- 
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-quired, but where a brick which will stand what is ordinarily con- 
sidered to be a high temperature is required. 

The Welsh fiye- clays in some ways resemble those of Stourbridge 
but are seldom so pure, and must, therefore, be worked with 
caution. The best deposits in this district are of first-class 
(luality for refractory work. 

The fire-clays are chiefly found associated with the coal 
measures and millstone ^rit, and must therefore be obtained by 
mining. Some brickmakers are working in the “ rubbish heaps 
of collieries, but the best fire-clays are obtained direct from mines. 

The seams vary in thickness, just as do those of coal, but are 
less uniform than the latter, and it has generally been considered 
that the only seams which can be worked at a profit are thick 
ones near the surface or those mined along with coal. Curiously 
enough the best fire-clay is often raisef^ fyom pits containing but 
little or no coal. 

The fire-clay should be selected or “ picked ’’ before use, so 
that nodules of pyrites and other unsuitable material may be 
removed. It should also be allowed to weather ” as the sub- 
sequent crushing is made easier thereby, many shales and fire- 
clays being exceedingly hard when first mined, but becoming soft 
on exposure. The picked and weathered material is then crushed 
in an edge-runner mill with either stationary (p. 96) or re- 
volving (p. 183) pans. 

For very hard fire-clay shale the stationary pan-mill is the 
more powerful, but if a preliminary crusher or stone-breaker is 
used a revolving pan will often give a larger output. 

The material is usually passed through a screen having 
twelve or thirteen holes per running inch, but this somewhat 
crude method of working is now being replaced in the most pro- 
gressive works by a double sieve. 

Either before or after grinding, the fire-clay is usually mixed 
with burnt material of a similar nature (termed grog ” or ** burnt 
stuff”) in order that a skeleton may be formed which shall hold 
the brick together during the drying and firing. The use of this 
grog is often greatly misunderstood, and in some works it is 
omitted entirely. 

The mixed clay and grog are next passed into a pug-mill, ^ 
usually of the vertical type (fig, 20) where it is mixed with water 
and converted into a paste. This paste is sometimes stored away 
in a heap to “sour,” but many workers do not appreciate the 
value of this treatment and so omit it. 
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The bricks or blocks are moulded by hand by the slop-mould - 
process (p. 61), slight variations occurring in different shops. 
They are dried on floors heated by steam (p. 168), or flue-gases 
(p. 169), and are fired in Newcastle or Scotch kilns (p. 256). 

The maximum temperature reached in the kilns varies greatly 
in different yards. In some it is as low as cone 2 (]170°C.) and 
in others as high as cone 19 (1510® C.) The higher temperatures 
used are largely the result of modern inv^estigations and research 
and are not used in the smaller works. About a week is usually 
occupied in the kiln, but where exceptionally large blocks are 
made a much longer time (extending in some cases to two months) 
is considered necessary, as such blocks are extremely sensitive 
to sudden changes in temperature before they are fired. It will 
thus be understood that, formerly, the manufacturer of fire-bricks 
had chiefly to see that his material was right and that the men 
worked well. A few degrees more or less in the kiln made but 
little difference, and so long as his goods were saleable, little 
else mattered. 

Within the last five or six years, however, a great ciiange has 
come over the fire-clay industry. This is due to a variety of 
causes, the chief of which is the demand for l)etter bricks and 
blocks from various users. This demand is increasing as progress 
with high temperature work continues, and the fire-clay worker 
of the future must use his ]>est endeavours to meet the demand. 
Fortunately, the cost of building and re-building is so high, com- 
pared with the cost of fire-bricks, that a good price can be obtained 
for a really satisfactory article. 

In order to do this it is necessary to know the general direction 
in which this demand tends to run, and for this purpose the chief 
characteristics needed in a fire-brick or block must be studied. 
It is not possible to obtain aU these in a single l^rick, as they are, 
to some extent, mutually incompatible, but the worker will know 
which to select from the whole. The chief characteristics re- 
quired are : — 

1. Resistance to high temperature. 

2. Resistance to pressure at high temperatures. 

3. Non -absorptive power at any temperature. 

4. Uniformity in size, shape, and composition. 

5. Expansion or contraction in use. 

6. Resistance to a])rasion by dust, flames, metal, slag, and 
other materials. 
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* 7 . Resistance to reduction or oxidization. 

8. Resistance to wear and tear and accidental blows. 

9. Resistance to sudden changes in temperature. 

As alread)^ mentioned, it is seldom that all these character- 
istics can be obtained simultaneously, and a selection must be 
made for each case. 

Resistance to heat is a property possessed by the material 
itself and is largely dependent upon the purity of the material and 
upon the proportion of alumina it contains. At the same time, 
the results of analysis cannot he reliably used to predict the 
fusing point of a high-cdass refractory clay, though in connexion 
with a Ludwig chart analytical resuUs are often valuable in this 
•connexion. 

It is a curious fact that whilst mixtures of pure alumina and 
silica usually melt in proportion to silica present, a critical 
composition is reached when such a mixture contains more than 
85 per (^ent silica, and from this point until pure silica is reached 
the mixture becomes increasingly refractory, though pure silica 
is more fusible than pure alumina. 

Very small ({iiantities of lime, alkalies, titanium and other 
-oxides greatly increase the fusibility of a fire-clay so that what, 
in other clays, would be considered trifling impurities, are of great 
importance in fire-brick manufacture. 

Resistance to pressure, abrasion, reduction, and wear and tear 
is obtained ])y heating to such a temperature that partial vitrifi- 
cation occurs. This is difficult with really high-grade clays on 
.account of the very high temperature required, so that an un- 
usually strong brick is commonly of second quality as regards fusi- 
lulity. In many cases, however, a strong brick of slightly inferior 
•clay may prove more serviceable than one made from a purer clay 
Awhich is weaker. 

On the other hand, some bricks which are strong when cool, 
»or only moderately heated because of the binding power of the 
vitrified material they contain, are often very soft and weak at 
high temperatures when the vitrified matter becomes viscous. 
When this is the case, such hricks are of little value and should 
}>e replaced by those of purer clay burned at a correspondingly 
higher temperature. 

Expansion and contraction in use are reduced to a minimum 
Iby firing the bricks at a sufficiently high temperature during the 
jnanufacture, though few British firms do this. 
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Excessive expansion in use may be due to too much free 
feilica in the bricks, a fault which is also responsible for ‘‘ spalling 
or splitting under sudden changes of temperature. , 

Stated briefly, the most severe requirements for fire-bricks will 
he met by using as pure a fire-clay as possible containing a high 
percentage of alumina,^ providing the sizes of the various particles 
of raw clay and grog are properly proportioned, and the whole 
brick is fired at a sufficiently high temperature. Unfortunately, 
these conditions are far more difficult to attain than appears at 
first sight. They involve the careful selection and purification of 
the materials, the correct treatment in the mills, screens, and 
mixers, and the use in the kilns of a temperature which is far 
beyond that ordinarily employed for fire-])ricks in this country, 
as, to the best of the author’s knowledge, only three firms in Great 
Britain were firing their* fire-clay bricks sufficiently iii 1910. 

The selection of the materials for a first-class fire-brick is a 
matter needing great skill and care. Analysis is useful in order 
to check the use of clay containing an excess of impurity, but 
quite apart from this much may be done in routine work by 
careful observation of the appearance, colour, and texture of 
the materials. Some attemj)t is made by most fire-brick makers 
to avoid the use of “ post ” and other rocky material, but much 
more careful picking is desirable when laicks of the highest 
quality are being made. 

In selecting clays it is necessary to bear in mind the cliar- 
acteristics required in the bricks and to choose accordingly. Thi& 
will often result in a number of different clays bei ng mixed instead 
of a single one being used, as is often the case at present. It is 
unreasonable to expect that a single clay — with obvious limited 
properties — can be successfully made into crucibles and furnace- 
bricks with equal success. 

? Whatever may have been done in the past the requirements 
of the present and future are and will be increasingly stringent, 
and fire-brick makers will find it more and more necessary to mix 
several clays in order to produce what they require. In some 

^The use of free alumina or bauxite to inorease the percentage of alumina in a 
clay is not desirable. A mixture of aluihina or silica in the proportions in which 
these materials occur in a pure clay does not behave in the same manner when fired 
as clay would do. 

Hence the use of bauxite and other free alumina as grog, whilst useful in some- 
cases, does not produce a fire-brick of the very highest class. 
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cases, by supplying a limited market, less complex mixtures of 
materials may be used. 

, Hitherto, the usual practice has consisted in crushing the, clay 
or clays until they are suflBciently fine to pass through a coarse 
sieve, but careful investigation has shown that this is not the best 
way to work Particles of true clay are so exceedhigly minute that 
they are too small to be produced by any machinery. Yet it is to 
these extremely minute particles that clay owes its plasticity and 
value, and any method of working that does not make use of this 
fact cannot be considered as satisfactory. To use clay in a coarse 
state (as is commonly done) is to waste the material and to pro- 
duce an inferior article. 

The broad principle upon which to work in producing refrac- 
tory goods, such as fire-bricks, is to form a skeleton ” of as great 
a heat-resisting nature as possible and to ^)ind this, together with 
other materials alsoi of a refractory nature, into a mass possess- 
iug the necessary strength, resistance to abrasion, temperature 
changes, etc. Sufficient room must be left between the particles 
to permit them to move freely over each otlier within certain 
limits, so that the brick will not be shattered or cracked when 
exposed to sudden changes of temperature. As. it is impossible 
to allow perfect freedom of movement of the particles, some 
softer material must be interposed (in the form of clay) so that 
it may yield slightly but not excessively under pressure. The 
main portion of the brick must, therefore, be of as porous and 
open a nature as possible, any undesirable pores being filled later 
with a binding material. - 

The nature of' these skeleton-forming and binding materials 
has been studied but slightly, and further investigation is desir- 
able. The following statements may, however, be accepted as 
substantially correct : — 

The “ skeleton ” or main portion of the brick must be com- 
posed of a clay whose chief characteristic is its infusibility. 
Such clays when made into the form of a Seger cone should not 
])end when heated to any temperature below that corresponding 
to Seger cone 35 for the highest grade of fire-bricks, cone 30 for 
first-class ” fire-bricks, and cone 26 for second quality or “ ordin- 
ary ” fire-bricks. Although no official British standard exists by 
which the value of fire-clays may be tested, the figures just men- 
tioned are accepted by the chief experts on the subject in this 
country and by the chief fire-brick makers in Germany. 

Provided a clay is sufficiently refractory, its lack of plasticity, 
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weakness, and durability are relatively unimportant so far as its 
use as a skeleton ” is concerned. These properties must be con- 
ferred by the use of other clays (binding clays). 

As the particles of the material forming the “ skeleton are 
to be bound together by another material — the binding clay — 
there is no need to use a plastic clay for this skeleton. It is, in- 
deed, a disadvantage to do so, as jdastic clays usually shrink 
considerably in firing — a most undesirable characteristic in this 
case. 

It is, therefore, best to use for the skeleton a clay which is 
extremely pure and, at the same time, is in relatively coarse 
particles and of minimum plasticity. Such a material is fur- 
nished under the name of “ grog,” “ l)nrnt stuff,” or “ chammotte,” 
which is o})tained by burning a fire-clay of the highest grade ob- 
tainable, at a bright /ed heat, and cTushing tlie product, as 
will be descril)ed later, ft has been customary for the terms 
just mentioned to be ai)plied to damaged fire-clay goods, fire- 
liricks, etc., whfch are added to raw fire-clay for various purposes 
in a more or less hapliazard manner. These sources of an in- 
ferior “grog” are sufficiently good for ordinary fire-brick manu- 
facture, but they should not be used by the maker of the highest 
class of bricks. Glazed materials and slag and potsherds must 
be avoided at all costs. 

E. P. Page has shown that if the grog is not more refractory 
than the clay used to bind its particles together, the brick may 
crack on account of the strains set up and the amount of vitri- 
fication which occurs. The cracking may not occur immediately, 
Imt will do so on repeated heating. 

Grog should be made of the purest fire-clay procurable which 
should be fired in such a manner as to avoid “ flashing ” or over- 
heating. The temperature reached in its manufacture should 
not exceed 1450'’ C. (cone 15), but should seldom be less than 
1 180 (cone 5a). The product should be a creamy mass free from 
whitish portions and from discolorations. It should be mod- 
erately hard, but not excessively so, and should be so refractory 
as not to bend below a temperature corresponding to 8eger cone 
80 when made into the same shape as a Seger cone. Grog can 
usually be manufactured by the fire-brick maker, and the neces- 
sary precautions as to purity, etc., can be readily observed ; if 
purchased, the grog should be subjected to a series of rigorous 
tests before acceptance. 

Attempts are sometimes made to use a grog of a diflerent 
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(jomposition to that just mentioned, by substituting silica-rock 
or bauxite for burned fire-clay. Such materials are useful in the 
case of ordinary fire-bricks, but should not be used where bricks 
of the very highest quality are required. Silica is not so refrac- 
tory as the best fire-clays, and its admixture may easily cause a 
reduction in the fusing point. The use of bauxite or other forms 
of free alumina, on the other hand, whilst useful as giving a 
skeleton ” of great he^it -resisting power, requires special care 
and skill in use, and is apt to be a continual source of trouble. 
Most specimens of bauxite are so impure as to seriously reduce 
the value of clays with which they are mixed. The addition of 
alumina or silica to a clay should, therefore, only be made under 
the advice of a really reliable exi)ert who appreciates the diffi- 
culties which may arise, and who can stinjy the problem in all 
its bearings. As commonly used, th,eSe^ materials may do more 
harm than good, (See footnote on p. 878 .) 

The size of the grog j)articlos to ])e used in fire-brick manu- 
facture is important, and it is not sufficient to use all that will 
pass through a sieve of definite mesh. Very fine grog is useless 
and should be avoided, as by the nature of the case, the spaces 
between the coarser particles should be filled by a binding 
material which should consist chiefly of a plastic clay. 

It is therefore necessary, in making the highest grades of 
fire-bricks, to crush the grog and sift it with two screens, reject- 
ing all that passes through the finer mesh, returning the residue 
on the coarser screen to the mill for further crushing and only 
using the intermediate portion. The finest ‘‘ grog ” may be con- 
veniently used in place of sand for “ dusting ” purposes. 

The mesh of the grog-screens must depend largely on the 
fineness and plasticity of the “ binding clay ” used. A useful 
sized grog for preliminary work is obtained l)y passing the 
material through a wire screen having eight holes per linear inch, 
and then on to a similar screen with twenty holes per linear 
inch, rejecting all that passes through this latter screen. Later 
tests may show that the grog thus obtained contains particles 
which vary too greatly in size, but this can be easily remedied 
by the use of finer or coarser 'screens. In some cases, particu- 
larly in South Yorkshire, it is desirable to use three screens and 
to employ two sizes of grog ; but this is a refinement not usually 
necessary in fire-brick manufacture. 

In Germany, many of the best fire-brick makers use two sizea 
of grog : (a) particles between J and J in. diameter, and (b) 
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particles between and ^ in. diameter, the relative proportions 
of each of these materials depending upon the characteristics 
the fire-bricks should possess. 

The binding material used to give strength and resistance to 
the skeleton ” must be sufficiently fine to enter between the 
other particles ; it must be sufficiently plastic to hold the whole 
mass together before firing, and sufficiently vitrifiable to bind the 
whole brick into a strong mass with the requisite qualities, whilst 
not being so fusible as to seriously interfere with the heat-re- 
sisting power of the brick as a whole. The binding material must 
not shrink so much in the kiln as to cause deformation or warping 
of the brick. 

Taking all these qualifications into consideration, it is evident 
that the most suitable binding material will be a refractory clay 
of moderate but not excessive plasticity. It must not be quite 
so refractory as the grog, but must still be sufficiently free froth 
fluxing materials to enable the brick to withstand great pressures 
at a red heat. ' 

A single clay is seldom found which will meet all the re- 
quirements of a binding clay, and two or even three clays may be 
necessary for the highest class of fire-brick. For what are at 
present generally considered as ])est ” fire-bricks (but which are 
far inferior to what can i)e produced) a single binding clay can 
usually be employed. 

When two or more clays are used as binders the leaner ones 
should be ground so as to pass through a No. 20 sieve but not 
through a No. 100, the fatter clays being ground as finely as 
possible. 

If several clays are used the ])roportion of each must be 
settled by actual tests. 

There are, unfortunately, great difficulties connected witli . 
such tests, and the fire-brick maker who has discovered a really 
successful blend of clays has gained a great advantage over his 
competitors. 

The clays used for binding must be carefully selected, any 
unsuitable material being picked out, and the- whole mass exposed 
to the weather so as to reduce the labour and cost of crushing. 

The fineness to which the binding clay should be crushed de- 
pends greatly on its nature. Highly compressed shales need 
reducing to a fine powder, but some of the less dense clays are so 
readily disintegrated by water that a comparatively rougli crush- 
ing is sufficient, the final reduction taking place automatically 
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during the “ souring ” process. It is seldom, however, that clay 
particles larger than ^ in. diameter should be used in fire-brick 
manufacture, as the coarse particles required are best supplied 
in the form of grog which cannot become broken up by later 
treatment, as frequently occurs with coarse particles of clay. 

A single screen may be used for the bipding clay, as the finer 
the particles of this material the stronger will be the brick, and 
in any case clay particles are naturally far smaller than can be 
obtained by any mechanical process of grinding. 

The grinding of both clay and grog is best accomplished in 
edge-runner mills (p. 375) of either the stationary or revolving 
pan type, the latter being preferable for the clay as it effects a 
better mixing of the material. 

A preliminary crushing between smail rolls (p. 86) or in a 
stone-breaker often effects a saving in power and in the wear and 
tear of the larger mills, and increases th^ output by making the 
supply of material more regular. Edge-runner mills should 
never be supplied with pieces more than 4 in. diameter if they are 
to work economically, and the present custom of many fire-brick 
makers of feeding pieces of all sizes into the mills is against their 
best interests. 

The preliminary crusher should be arranged to deliver the 
material on to a floor from which it can be readily shovelled into 
the edge-runner mill. If an automatic feeding device is employed 
for feeding the latter the preliminary crusher may deliver direct 
into this machine. (See pp. 181 and 183.) 

It is often more economical and facilitates the output if two 
^dge-runner mills are used, both delivering into the same pit. 
The first receives the material to be crushed and the second the 
tailings ” from the screen. In this way the harder portions are 
k^I)t separate, as far as crushing is concerned, and by using mills 
^f the proper sizes the output is greater than if a single (larger) 
fmill is used. It is important that both mills should deliver 
to the same elevator so that the material may be kept mixed. 

Where several clays are used, each should be ground in a 
•separate mill, as this is far more satisfactory than (a) mixing the 
< 3 oarse materials and grinding the mixture, or (6) cleaning out the 
mill each time a change of material is made. Grog should never 
be ground in the same mill as the clay uidess second-quality fire- 
bricks are desired. 

The runners should be provided with renewable rims or tires, 
and should be sufficiently heavy to do their work well. 
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The grates in edge-runner mills for fire-bricks should have 
holes or slots not more than \ in. in width, and for most puri)ose8 
J in. holes are l)est. The day when lumps of material ^ in. or 
more in diameter were permissible in fire-bricks of good quality 
is rapidly passing away, and pieces J in. wide are the largest 
which are now considered satisfactory, and for first-class work only 
very few of these are allowed. 

Each mill should be “run off” every noon and evening, and 
any material on the pans should be collected and thrown aside. 
It will usually be rich in nodules of pyrites and other undesirabh' 
impurities in the clay, but should be tested carefully from time 
to time. 

The nature of the screen used is important ; piano riddles have 
not proved successful in grinding fire-clays and grog in many cases, 
because the material is so hard and sharp that it wedges between 
the wires and so delivers too coarse a product. 

The well-known wire-gauze screen may be emjdoyed, or a 
sloping plate of perforated steel (see “Newaygo” screen, p. 194) 
may be used. The size of the holes in the latter corresponding 
to the former must be found by experiment, as they differ with 
different materials. As a rule a dry fire-clay will behave to such a 
screen having J in. holes as it will to a gauze-screen with a in. 
mesh, but the perforated metal gives a much larger output. 
(See p. 192). 

The crushed materials should be stored in a dry place in ])inK 
where they can be kept apart from each other, yet can be readily 
measured and mixed before being treated with water. 

The best method of proportioning and mixing is to employ 
large boxes on wheels, the size of each box being proportionate 
to the amount of material to be mixed. Thus if thrice as much 
clay as grog is used, the box for the clay will have three times 
the capacity of that used for the grog. Each box is filled up and 
any excess of material removed by drawing a fiat piece of wood, 
or strike, across the top. It is better to use boxes of the sizes 
suggested than to have all the same size and use (say) three box- 
fuls of clay to one boxful of grog, as errors in counting arc 
frequent with the latter method. The boxes may be mounted on 
cars and should run on a light track. Their contents should bt^ 
tipped on to a mixing-plate, fixed at a lower level than the bins, 
a yough mixture made by means of a shovel, and the material 
then shovelled into the mixing mill, or a mechanical feeder 
(p. 182) may be employed, and the labour of one man as mixer 
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be saved. On no account should the material be fed into the mill 
without a preliminary mixing having been effected, except in 
those cases where an intermittent solid bottom pan-mill is used. 

The mixing of the materials with each other and with watei* 
is effected either in (a) a pan-mill (p. 95) or edge-runner mill with 
solid revolving pan into which a charge of material is placed, 
together with sufficient water, and the two ground ” for about 
twenty minutes and then taken out, or (5) in a pug-mill. The 
pug-mill is usually of the vertical type (p. 49), but horizontal 
mixers and pug-mills are equally effective, though they occupy 
more floor space (pp. 108-109). 

Whichever form of mixing iflant is used the water should be 
added gradually and in a series of tine jets or as a spray. It 
should not be added in a single stream as is so often the case. 
A couple of level pipes each perforate:! with in. holes about 
J in. apart forms a good water-distribucor, particularly if each 
pipe delivers on to the edge-runners instead of directly into the 
])an. 

The paste produced should lie set aside in heai)s about 4 ft. 
high in order that it may “sour”. At one time it was thought 
that some kind of fermentation or bacteriological action took 
])lace and improved the quality of the material, but it is now 
generally recognized that the effect of any fermentation in this 
direction is very small, and that what really occurs is a more even 
distribution of the water throughout the mass by means of 
capillary attraction and other purely physical forces, this re-dis- 
tribution being accompanied hy a development of the plasticity 
of the material. Hence, no matter how thorough may be the 
mixing, this “ souring ” should never be omitted in the manufac- 
ture of the highest grades of fire-bricks. 

With some materials the development of the jilasticity of the 
clay is rapid ; these may bemsed after once passing through the 
pug-mill or pan, but others must usually be mixed again after 
“ souring,” a second j)ug or i)an-mill being used. 8ome fire-brick 
makers dread “overworking” their clay; this can only occur 
when the clay is used where grog ought to be employed, and by 
replacing part of the’ cla}^ by a suitable grog satisfactory results 
will be obtained. 

The bricks are made from the paste by hand-moulding, using 
brass or brass-lined moulds for ordinary shapes and zinc-lined 
ones for shapes which are seldom required. The process is very 
similar to the slop-method used for building-bricks (p. 50), 

25 
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though, like the latter, it varies slightly in different works. Th^ 
bricks are carried off between two pallet-boards by a boy or girl 
and are set down on a heated floor (p. 157). 

Many attempts have been made to use machinery instead of 
hand-labour, and some amount of success has been attained by 
the employment of machines imitating hand-moulding (p.^ 68) 
and by use of the wire-cutting process (p. 76). The stiff-plastic 
and semi-plastic methods have not, hitherto, proved successful, 
and hand -made bricks are still considered to be the best. The 
great reason for this is the tendency for machines to compress the 
clay too much. If the paste remains sufficiently soft (as soft as 
in hand-moulding) it is difficult to keep it of the proper shape 
during wire-cutting, and the use of a stiffer paste produces a less 
satisfactory brick. The temptation to secure greater accuracy of 
shape in the brick by mechanical pressure should, on this 
account, be avoid e/I, and represses should never be employed for 
bricks to withstand high temperatures in actual use. For the 
same reason, machine-pressed bricks which are not sufficiently 
perfect to be used for glazing are of small value for the highest 
temperature work ; the pressure to which they have been subjected 
to give them greater accuracy of form so necessary in glazed bricks 
has reduced their value for furnace-construction. The desira- 
bility of accuracy in shape for all fire-bricks must not be over- 
looked, but it must not be produced by the use of greater pressure 
than is used in a hand-moulded brick. Even if the method dry- 
pressing (p. 241 ) were to become more popular for the manufacture 
of fire-bricks, the great wear and tear of the dies, due to the large 
amount of grog necessarily present, would probably rob the process 
of any saving in manufacture. Yet this is undoubtedly the 
direction in which to look for cheapened output with superior 
quality. 

Blochs and large pieces of fire-clay are moulded by the same 
(slop) process, wooden moulds being employed. A portion of the 
drying floor is cleaned, dusted with clay dust, sand, or fine grog 
to prevent undue adhesion of the clay, and the wet mould is 
placed on the floor so prepared. The maker next throws large 
masses of paste with great force into the mould, and by vigorous 
“ pommelling ” with his fist and kneading with his fingers com- 
presses the clay as equally as possible. The mould having been 
filled, any excess of clay is removed with a strike or wire, and 
the mould is removed either immediately or after a short time. 
Some blocks are made in plaster moulds. 
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d/ryiTig of fire-bricks offers no special difficulty, provid- 
ing it is effected carefully, but larger blocks or slabs need much 
attention or they will crack. 

Fire-bricks, slabs, and blocks are usually dried on fire- or 
steam -heated floors (p. 157), and these are usually satisfactory 
but slow, particularly with the larger pieces. It is, in fact, not 
unusual for a large block or slab to remain on a floor for three 
weeks without any heat being applied to it. Such a method of 
drying is highly unsatisfactory, and most block manufacturers 
would find a study of the principles of clay drying well worth 
while. 

One of the secrets of rapid and successful drying consists in 
not allowing the outside of the brick or bl^ck to dry more rapidly 
than the inside. This accurate regulation of the speeds at which 
the various portions of a block dry dan-Dnly be accomplished by 
proportioning the amount of air in contact with the article, and 
by ensuring that this air contams just the correct amount of 
moisture. In using a steam-heated floor, such as is ordinarily 
employed, such accurate regulation is impossible ; it can only 
be obtained in tunnels to which air is admitted by means of 
special valves and moved by means of a fan. 

By the careful use of small chambers in which moist air is 
used at various temperatures, the earlier stages of the drying 
may be considerably shortened without increasing, the risks of 
cracking, but the subject is not sufficiently closely related to 
brickmaking to be described in further detail in the present 
book, but see pp. 161-176 and 213-217. 

Dipped fire-bricks are used for special purposes, where they are 
required to possess characteristics incompatible in the brick as a 
whole, such as maximum heat-resistance combined with entire 
absence of absorption. They are really a species of glazed brick, 
but instead of a true glaze are, in part, coated with a non-porous 
material. This coating is applied in a manner similar to that 
used in glazing. 

Fire-bricks are set in the kiln in a manner similar to that used 
for ordinary bricks, but they should not be placed so close to- 
gether. Larger blocks must be set near the centre of the kiln, 
and according to their shape, so as to reduce the risk of twisting 
as much as possible. A chequer- work arrangement, as in fig. 
104, is very popular, the bricks being set on their sides and not 
flat as shown. 

A ^little grog dust sprinkled between the bricks and blocks 
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enables them to be separated from each other more readily when 
the kiln is drawn. 

When large blocks have been placed in a kiln special care is 
needed to keep away draughts and sharp currents of air. A door 
should, therefore, be provided for the kiln and used. 

The firing of the bricks is usually carried out in kilns of 
the Newcastle (p. 255) or round down-draught (p. 248) type, 
but continuous kilns (p. 263) may be equally well employed 
if a suitable design is chosen. The Dunnachie kiln (p. 304) 
has been successfully used for many years for the purpose. 
The heat required is more and the temperature of finishing is 
much higher than with ordinary bricks, but in other respects the 
same methods are used. 

The ordinary fire-brick of commerce is seriously under-fired, 
being seldom heated to nmre than 1250° C. The result is that it 
shrinks and becomes loose in use and wears away rapidly, as the 
wide joints so produced cause an unduly large surface to be ex- 
posed. 

Zoellner has shown that all clays whej) laeated to tempera- 
tures above 1300° C. (cone 10) dissociate and become crystalline, 
with the formation of silimanite (Al^OySiOg) and n glassy mass 
richer in silica than true clay. This latter material may be 
removed by hydrofluoric acid, in which it is soluble. Zoellner 
states that this “shows the necessity of beating fire-bricks and 
other refractory goods to a much higher temperature than is 
customary, as the crystals of silimanite form a felted mass which 
is harder, more acid proof, and more resistant to sudden changes 
in temperature than is clay which has not been partially dis- 
sociated by firing at a high temjievature Most manufacturers 
try to avoid crystallization ! 

For the best grades of fire-brick the finishing temperature 
should certainly not be less than is sufficient to bend cone 18 
(1500° C.), and for somewhat less important bricks a kiln tem- 
perature corresponding to at least cone 12 (1350° C.) should be 
reached. For export, where the requirements are not so strin- 
gent, cone 5 may be regarded as indicating the maximum tem- 
perature necessary, though harder-fired bricks will suffer less 
damage in transport, and will be superior in quality. 

Fire-bricks are usually more porous than ordinary ones before 
firing, and the earlier stages of burning may often be passed more 
rapidly. With large blocks the matter is very different, and the 
earlier stages are sometimes prolonged to several weeks. 
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The final heating should be very steady but moderately rapid, 
and the cooling — whilst rapid at first to carry the goods past the 
“danger zone” (1100-1200® C.) where, under slow cooling, ex- 
cessive crystallization may set in — should be steady and some- 
what slow in its later stages. 

Many fire-brick manufacturers allow the bricks to cool “ any- 
how,” with the result that on passing near the kilns during the 
evening when all around is quiet, a sound as of repeated pistol 
shots is heard. These are signs of the production of minute 
cracks — often too small to be seen — but readily proved to be 
present by the reduced strength of the bricks as compared with 
those properly cooled. 

If single kilns are used, the ilesirability of introducing hot 
air during the cooling should be considered ; in (jontinuous kilns 
the cooling is under much greater Cuni.|’ol. 

Fire-bricks are paricularly sensitive to rain and frost, and 
must be stored carefully in a dry place, or their strength (as 
shown by crushing tests) may be reduced to four-fifths its original 
amount. 

In short, the manufacture of the highest grades of fire-bricks 
is a matter requiring far more study and attention than it gener- 
ally receives in this country, as modern users of these bricks are 
working at temperatures undreamed of fifty years ago, and with 
the tendency to more stringent requirements the difficulty of 
manufacture will increase. 

For the highest grades, price is of small consideration, and the 
manufacturer who wishes to progress will reap the reward of his 
t^xperiments in due course. The \iltra-conservative manufac- 
turer, on the other hand, may have an uncomfortable time if 
the proposed “ Standardization of Firebricks ” comes into force. 

Inferior fire-bricks are used for a variety of furnaces, boiler 
work, etc., where their heat-resisting power is of secondary im- 
portance. The manufacture of such bricks is much easier and 
cheaper than that of fire-bricks of the highest grade, and the 
material may often be taken direct from the mine, crushed 
until it has all passed through a screen with ^-in. holes, and mixed 
with water and made up into bricks. 

If the clay is very fine, “grog” may be used, but it is not 
necessary to use high-grade fire-clay for this purpose. Old fire- 
bricks, silica rocks, or pure sand may be used with complete, 
satisfaction, provided that the particles are of approximately the 
correct sizes. Such bricks cannot, of course, be used in the most 
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trying conditions,' but they serve a useful purpose in many in- 
dustriea. 

In this class of fire-brick the grog is chiefly use4 to open up 
the material, so that the bricks may be dried more rapidly and 
with less risk of cracking in the kiln. 

It is not used at all for increasing the refractoriness of the 
material. The ' addition of such non-plastic material has a 
noticeable influence on the bricks, as is shown by tests made by 
F. Kase, who has published the following facts in regard to the 
use of fine sand as grog : — 

The finer the grains of sand added to the clay, the total per- 
centage of sand added being kept constant — 

1. The more water will be necessary for mixing. 

2. The longer the mixture will take to dry, and the greater 
the danger of cracking. ^ 

3. The contraction on drying and in the kiln will be greater. 

4. The porosity of the fired ware will be less. 

5. The speed of absorption ” will be less. 

6. The crushing strength will be greater. 

7. The material will stand sudden changes of temperature 
less easily. 

8. The silica in the clay will combine more readily. 

The characteristics of the clay will be altered with varying 
proportions of sand-grains, a41 of the same sizes, as follows : The 
larger the proportion of sand added to the clay— 

1. The less the water required in tempering, 

2. The more rapid the drying. 

3. The less the contraction both in drying and in the kiln, 

4. The less the porosity in under-burnt ware, and the greater 
he porosity by fully fired ware. 

5. The greater the “ speed of absorption 

6. The less the crushing strength. 

7. The greater the refractoriness. 

8. The lighter the colour (with a red-burning clay). 

9. The better the ware will withstand rapid changes in tem- 
>erature. 

Silica bricks are often regarded as fire-bricks,” though 
Lsually the latter term is confined to bricks made of fire-cl^y. 
iilica-bricks are not as refractory as bricks -made of the best fire- 
lay, but they are often superior to those made of lower-grade 
lays or of good clays badly treated in manufacture 

The maximum temperature which silica-bricks made of the 
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purest materiala can stand is comparable to cone 34, but most 
commericar specimens cannot resist more than corresponds to 
cone 30. Fire-clays which fuse at a temperature corresponding 
to cone 36 are commercially obtainable. 

Some bricks branded “Dinas’^ are occasionally offered for 
sale which are not true Dinas bricks, being made Of a material 
rich in fire-clay, whereas true Dinas bricks are quite destitute of 
clay. In Germany and Russia the term “ Dinas ” is applied to all 
fire-bricks very rich in silica. 

The fusibility of silica is greatly reduced by comparatively 
small proportions of iron oxide, lime, magnesia, and alkalies, and 
only those materials which contain upwards of 98 per cent of 
silica should be used. 

The chief disadvantages of silica-bricks are their brittleness, 
and liability to spall when exposed io sudden changes of temper- 
ature. These defects appear to be a characteristic of the 
material used, and not to be due to defects in manufacture, 
though badly fired silica-bricks spall more than others. 

Silica-bricks expand when they are heated, and this increase 
in size continues through several heatings, though the first heating 
has usually the greatest effect. The total increase is sometimes 
very large, but is not usually more than 8 per cent. Allowance 
must be made for it in laying the bricks, and to reduce this, some 
users insist on being supplied with twice-burned bricks. 

The materials used in the manufacture of silica-bricks are 
sand and silica-rock, a special variety of the latter found in the 
vale of Neath and known as Dinas rock being highly valued, 
but other sandstones, when sufliciently pure, are also used. 

The rock is crushed between rolls (p. 86) and is afterwards 
ground in an edge-runner mill (p. 95) with a solid pan, lime and 
water being added. The lime is used as a flux or binding ma- 
terial, and about one -fiftieth of the weight of the rock is added. 

Hence, good silica-bricks contain 97 per cent of silica, to 2 
per cent of lime, and to 2 per cent of impurities. On heating, 
the lime combines with the silica, forming a viscous mass, which 
on cooling binds the particles of the brick together. It is, there- 
fore, necessary that the lime should be equally distributed 
throughout the mass, and for this purpose an edge-runner mill 
with solid revolving pan is the most suitable appliance. 

The lime is best added in the form of milk ” made by 
stirring up the lime with water, allowing the coarser particles to 
settle, and running off the milky liquid through a No. 60 screen 



892 


MODERN BRICKMAKINCI 


into another tank. The material in the second tank is tested to 
ascertain the proportion of lime it contains, is stirred up, and a 
suitable proportion run off into the mixing-pan. Lime-milk varies 
so in composition that it is essential to test it if the best results 
are to 1)6 obtained. 

The testing is not difficult if carried out in the following 
manner: 50 cc. of the milk of lime is measured off by means 
of a pipette into a basin or tumbler, a few cjrops of phenolphthalein 
solution added, and the mixture stirred vigorously with a glass rod 
until it is strongly coloured throughout. 

“ Normal sulphuric acid ” (obtainable from most chemists, but 
not to l)e confused with concentrated or dilute sulphuric acid) is 
then added from a burette, drop l>y drop, with constant stirring, 
until the colour of tlie lime liquid is just discharged. Each 1 cc. of 
the acid corresponds to 9 ne eleventh of an ounce (*091 oz.) of lime 
in each gallon of milk. 

Instead of lipie, some makers use plaster of Paris, but this is 
better avoided as the presence of sulphates is sometimes injurious 
to the brick. 

Silica-bricks .are usually moulded by hand and are dried on 
steam -heated floors, and fired in round, down-draught kilns 
(p. 248) or Newcastle kilns (p. 255). No particular precautions 
are necessary, as the material being non-plastic can be rapidly 
fired without much risk of damage. 

The finishing temperature of these bricks varies in different 
districts, hut does not usually exceed 1200° C. ; much better 
bricks (with far less tendency to spall and crack) are produced 
when the finishing temperature is raised to cone 17 (1470° C.). 

The cooling of kilns containing silica-bricks recpiires unusual 
care, as they are very sensitive to sudden changes in tempera- 
ture. 

A much better quality of silica-brick than that usually made 
can be obtained by using the process ordinarily employed for 
sand-lime bricks. In this process the materials are mixed 
together in a semi-dry state and are shaped by powerful presses, 
such as that shown in fig. 166. They are then '‘hardened” by 
exposure in a steaming chamber for about ten hours, whereby 
a partial combination of the lime and silica takes place, and the 
bricks can be more readily handled and stacked in the kiln. 
In the ordinary lime -sand (or sand-lime) bricks more lime is 
used than is desirable in silica-bricks for refractory work. 

Although fire-clay bricks made under pressure are inferior to 
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those made by the ordinary hand-moulding process, silica-bricks 
are not so seriously affected, and providing the grading of the 
particles of silica is properly arranged, the use of presses does not 
appear to be detrimental. 

From experiments now being carried out by the author re- 
garding the sizes of grains in silica-bricks, the same grading as is 
used for fire-bricks appears to be desirable though not essential. 
Some .separation into “medium” and “very fine” particles 
appears to be very desirable, though to the best of the author’s 
knowledge no maker of silica bricks at present works with this 
in view, though several makers of lime-sand bricks are doing 
it. The experiments not being complete, conclusive suggestions 
cannot be given, but the results already obtained indicate that 
about one quarter of the rock or sand and all the lime should 
be ground in a ball-mill to as fine a iJoiir as possible, and this 
dust added to the more coarsely ground material previous to 
mixing the whole with water and shaping into i^ricks. 

Ganister -bricks are another variety of fire-bricks ; they are 
intermediate in character between those made from fire-clay and 
from silica. 

True ganister is a dense siliceous rock containing up to 10 per 
cent of clay. It is found in various parts of the country, the 
best deposits being in the neighbourhood of Sheffield, Gartcosli 
(West Scotland), and Dowlais (Wales). It is a water-deposited 
mineral, probably derived from granitic rocks in a manner sim- 
ilar to clay, and varies considerably in composition. 

The best Yorkshire ganisters contain 95 per cent of silica, of 
which about 5 per cent is in the form of clay. 

Ganister-bricks are made in a manner similar to silica- bricks, 
but lime is seldom added, as the clay in the ganister acts as a 
sufficient binder. Indeed, the term “ silica-brick ” is often 
applied to bricks made of ganister or to mixtures of silica and 
clay which are intended to resemble ganister. 

In some cases, ganister-bricks must l)e treated very carefully 
in drying sheds and in the kilns, just as though they were made 
of fire-clay, Init most ganister-bricks can be made and fired 
rapidly. They should be heated to a temperature corresponding 
to cone 16 or 17 and . require to be carefully cooled. 

Basic bricks are usually made of magnesia or bauxite and 
are weak in resistance to pressure, but remarkable for their 
resistance to heat. Bauxite is infusible and magnesia practi- 
cally so, as it only becomes viscous at about 1950° C. 
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Baibxite-hricks are made by grinding the material to a inoder- 
ately fine powder in edge-runner mills (p. 183), Aixing it with 
about?' one quarter of its weight of clay and a little water in a 
pug-mill (p. 49), and moulding it by hand by the slop-process; 
so that the process used is similar to that employed for second- 
grade fire-bricks. Bauxite -bricks may also be made in a stiif- 
plastic machine and dried- on a steam -heated floor or in any con- 
venient warm place. 

The burning presents no special difficulties, except that, as the 
bricks are weak, they cannot be stacked very high, and must 
therefore be burned in low kilns or on the top of other bricks in 
an ordinary kiln. The bricks must be protected from flash- 
ing,” and plenty of air must be used in the firing, as otherwise 
the iron oxide present in the bauxite will be reduced and will 
lessen the value of the bricks. Bauxite-bricks should be fired 
at a temperature not less than 1250" C., as a high finishing tem- 
perature is desirable, but is difficult to secure without reducing 
the iron. The shrinkage of bauxite is so great that bricks of this 
material cannot well be used at higher temperatures than that 
used in their manufacture. 

Magnesia-bricks have come much into prominence during the 
last few years, though the raw material used in them has to be 
imported into this country. The manufacture is accompanied 
by peculiar difiioulties if a really strong magnesia-brick is to be 
made from pure materials. 

The materials of which imagnesia-bricks are made are 
{1) caustic magnesia, obtained by burning magnesite at a moder- 
ate red heat in kilns similar to those used for lime ; and (2) dead 
Immed, or sintered magnesia, obtained by heating caustic mag- 
nesia to a still higher temperature. This must contain a small 
proportion of iron oxide (about 4 per cent) as otherwise the sinter- 
ing temperature would be too high. 

The magnesia is ground to a fine powder in an edge -runner 
mill, a little water (about 5 per cent) being added so as to form a 
pasty mass, This is allowed to stand for a few days. Borne firms 
grind the materials separately with crushing rolls and mix them 
by hand, or in an open mixer, instead of both grinding and mix- 
ing in a pan-mill. The pasty mass is formed into bricks by 
I)owerful hydraulic presses, a pressure of 300 to 500 atmospheres 
being necessary. A good press will deliver 2500 bricks per day. 
The bricks are then carefully and slowly dried in well -ventilated, 
steam-heated sheds, or in drying tunnels. Great care is needed 
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in mpving the pressed but undried bricks, as they are very sensi- 
tive to slight shocks and vibrations. 

Magnesia-bricks may be fired in round down-draught kilns of 
^small size, but the temperature to be reached is so high that gas- 
fired kilns are preferable. In any case the kiln should be lined 
'with magnesia bricks. It is essential that the kilns shall be 
low (not more than 4 ft. 6 in. high internally) and comparatively 
email. The finishing temperature should not be less than that 
corresponding to Seger cone 18, and it is usually better to finish 
with cone 23. The addition of clay and other binding materials 
is undesirable, as it makes the bricks less refractory. 

Owing to the tenderness of the up fired bricks, a skilled setter 
should be employed to place them in the kilns, and he should be 
instructed to bed each brick carefully in magnesia sand. This 
“ sand ” must have been freed from dnf^i ^fore use, the most suit- 
.able sized grains being tV in. diameter. Fine dust causes the 
bricks to adhere to each other during firing. 

The bricks, when drawn from the kiln, must be gauged accur- 
.ately and sorted according to size, so that, in use, they may be laid 
with the narrowest possible joints. 

The chief difficulties in the manufacture of magnesia-bricks 
-are due to irregular shrinkage of the raw material, the great pres- 
.sure required in shaping, and the high kiln temperature. The 
first of these is by far the most troublesome, but much can be 
done by carefully determining the density of the raw material 
-and classifying it accordingly. 

Magnesia-bricks possess a remarkable power of resisting the 
-action of slag and limestone, so that their relatively high cost is 
soon saved when they are used in certain types of metallurgical fur- 
naces. They are, however, very sensitive to the action of silica. 
Owing to a tendency to expand on repeated heating, they should 
not be used in arches. 

The “mortar” used in laying magnesia-bricks should consist 
*of powdered magnesia mixed with one-ninth of its weight of tar. 
It must be used hot. 

Neutral fire-hricks are usually made of chromite (an ore con- 
taining about half its weight of chromium oxide and one-quarter 
of its weight of iron oxide) and are difficult to prepare, as the 
material is almost destitute of binding power. It is, therefore, 
usually mixed with fire-clay or bauxite in such a proportion that 
the bricks contain one-third of their weight of chromium oxide, 
or chrome ores containing alumina are used. 
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These chrome bricks are best made by crashing the material to 
a powder, and compressing it by a powerful press (p. 223-236). 
The bricks are fired at a temperature corresponding to cone 12 or 
over. . . 

Briquettes of compressed graphite or other form of carbon are 
occasionally used for high temperature work. They are made 
by grinding graphite or coke to a powder, mixine: it with about 20 
per cent of tar, and compressing in hydraulic or other powerful 
presses. 

The manufacture of similar briquettes from low-grade coal 
is greatly used on the Continent to form fuel, but in Great Britain 
the price of good coal is not sufficiently high to make briquetting 
commercially profitable. 



CHAPTER XI 
GLAZED BRICKS 

There is a general impression amongst brickmakers that any kind 
of brick can be glazed, providing that the composition of the glaze 
is known. This half-truth has been the caure of much trouble and 
loss of money, because few people have yet realized that unless 
the brick to which the glaze is to be appli*jd is practically perfect 
the glazed brick will l)e a failure. Trifling defects in a facing 
brick are often overlooked, but even smaller defects in a brick 
which is afterwards glazed will render attempts to sell it entirely 
abortive. Thus, a few tiny specks of lime in a facing brick may 
be passed unnoticed by the purchaser, but, if such a brick be 
glazed, the glaze will shell off above each lime-speck and the 
brick will be of no value. 

Speaking generally, red-burning clays are very liable to defects 
which are trifling in themselves, but which render successful 
glazing impossible, and, whilst a few firms have succeeded in 
building up a good trade in glazed bricks made of red- burning 
clay, the majority of those who have attempted to use this 
material on a large scale have failed to show any profit. 

Glazed bricks, are, therefore, chiefly made of fire-clay, the 
second-grade clays with a fusibility corresponding to cone 26 to 
^‘10 being used. 

A brick to be suitable for glazing must bo regular in shape, 
exact in size, with clean arrises, and a fine face free from small 
irregularities or discoloured spots. It must be sufiiciently porous 
to absorb the water in the glaze-slip, and must be refractory enough 
to keep its shape whilst heated at a temperature which will suit 
the glaze. 

Such bricks are usually made by the plastic process (p. 76) 
and are repressed before being fired, so as to obtain a good shape 
and face and to make them accurate in size. Any of the re- 
presses illustrated on pages 140 to 153 may be used; that by 
Pullan & Mann (fig. 96) has a special measuring mechanism 
• (397) 
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which automatically makes all bricks pressed in the same thick* 
ness, as any excess of clay is absorbed by making a somewhat 
shallower frog than usual. * 

When made of fire-clay, bricks to be glazed are often hand 
moulded, as are fire-bricks (p. 885), and are repressed when parti* 
ally dry. Dry -pressed bricks are slowly coming into use for glazing 
purposes, but they have not proved popular so far, owing to their 
liability to develop tiny surface cracks twhich .are of little or no 
importance in unglazed bricks but prevent glaze adhering pro- 
perly. 

Much difference of opinion has been expressed from time to 
time on the desirability or otherwise of burning bricks before 
glazing them. It is considered that the cost of burning the bricka 
is so much wasted money, as they have to be rebumed when 
glazed. Experience slv)ws, however, that if the glaze is applied to 
unfired (“ green ”) bricks, the damage suffered in handling makes 
a large proportion of the bricks useless when they come from the 
kiln. These spoiled, glazed bricks cannot be sold except as 
rubbish, as it is obvious that they are damaged. If, on the 
contrary, the bricks are first burned without glaze, any defective 
ones sorted out may be sold as building bricks of good quality, 
or even as fire-bricks at a higher price. The bricks selected to be 
glazed are stronger and less liable to damage, the amount of glaze 
wasted is reduced, and the number of unsaleable glazed bricks is 
brought to a minimum. These various savings often combine to 
make it cheaper to fire bricks twice instead of once. 

At the same time, it is often possible with extraordinarily 
careful handling to glaze the unfired bricks and put them into 
the kilns in a remarkably perfect condition, and if workpeople 
who will give sufficient care to the matter can be obtained, it ia 
quite possible (though seldom realized) to obtain a large propor- 
tion of excellent glazed bricks with a single firing. 

A mistake often made by the purchasers of glaze recipes is to 
consider that they can buy all the bricks they require from a 
neighbouring yard. Such people forget that bricks intended for 
glazing need most careful handling, as when chipped at the edges- 
they are rendered useless. As few bricks which have been carted 
from one yard to another are not slightly chipped, it is practically* 
impossible to buy bricks for glazing unless the glazer is allowed 
to work on the same premises as the brickmaker. 

The glazed-brick manufacturer cannot be too stringent or 
careful in the selection of his bricks. 
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The glazes used for bricks must be sufficiently durable to 
withstand ordinary climatic changes witiiout “ crazing ” or form- 
ing haij-like cracks. They naust be sufficiently hard to withstand 
accidental blows, and ir\ust adhere to the brick so completely 
that they will not chip, or peel off. Glazes which melt at low 
temperatures (below 1000° C.) do not usually possess these neces- 
sary characteristics when fired on a porous body, but tend to 
craze or peel. Glazes-’firj^d at a higher temperature are therefore , 
employed for glazed bricks, as the higher temperature enables a 
mixture of material to be used which produces a mass more 
nearly resembling the brick itself. Low -temperature glazes are 
frequently termed “soft-fired ” or “BDft,” and high-temperature 
ones are spoken of as “ hard-fired ” or “ hard ” ; the terms “ hard 
and “ soft ” when applied to glazes have ixc necessary conilexion 
with the softness or hardness of the gt-it^ 

It is seldom that a glaze can be applied directly to a brick, as 
the colour of the brick itself will usually spoil the colour of the 
glaze. It is, therefore, customary to cover the face of the brick 
with a “ body ” composed largely of white-burning clay and tG 
apply the glaze to this body. 

For dark-coloured glazes, particularly green ones, the glaze 
may often be applied direct to the brick without any intermediate 
“body,” and the use of a white opaque glaze permits the 
omission of the intermediate ‘‘body” when white bricks are 
needed. Owing, however, to the difficulties connected in pre- 
paring white opaque glazes, it is, at the present time, customary 
to use a white body and a transparent glaze in the manufacture 
of white-glazed bricks. Opaque glazes are becoming increasingly 
popular, and have many advantages uii spite of the difficulties 
involved in preparing them. 

The clay being suitable for the purpose of making a clean, well- 
shaped brick, the most important part of the manufacture is the 
pressing. The presses should be placed conveniently near to the 
second drying floor, or to the dripping sheds, according as the 
bricks are burned or glazed in the green state, as a little rough- 
ness in handling the impressed bricks will do no damage, but the 
pressed bricks must be handled as little as possible and carried 
as short distances as possible. 

Two serious errors arise in pressing, and must be proven teil 
at all costs. The first is due to the use of worn moulds or dies, 
whereby the bricks are formed with an “ arris ” or rough edge on 
them, and a clean edge is then impossible if the arris is not re- 
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moved. The second is where the press-man fails to clean out 
the die completely, with the result that succeeding bricks have 
small pieces of clay forced into their faces and these rise during 
the dipping and later cause the glaze to peel. 

Pressing bricks for glazing is necessarily a slow operation (about 
four bricks per minute being the maximum), and any attempt 
to hurry the press -man may result in the loss of several hundred 
bricks, because these are spoiled by loose arris getting on to the 
faces of the bricks, or in other ways. 

Glazed bricks must be laid with the thinnest possible joints, 
and, for this reason, must be pressed accurately. Any good press 
may be used for this purpose, but it is sometimes a convenience 
to use one in which the die can be drawn out on slides to the 
front of the press in order to discharge the brick, and enable the die 
to be cleaned before pressing another brick. When the die is 
movable in this way, it is much easier for the workman to see 
that it is properly cleaned and oiled than when a die fixed per- 
manently beneatli the plunger is used. It is, however, essential 
that the slides on which the die moves are kept perfectly clean, 
or the male part of the die will not fit accurately into the other 
]>ortion and the die will be damaged. 

Bricks which aiv glazed previous to burning recpiire to be set 
in the kilns with the greatest care to prevent chipping, and the 
temperature throughout the kihi must be as even as possible or 
the bricks will ])e unevejily glazed later. Bricks to l)e glazed in 
the green state are often first “ clapped ” with a fiat wooden blade 
to close up the face, but with a good ])resB and careful man this 
operation is not necessary. 

The bricks to be dipped are placed on a large ofiP-bearing 
barrow with ample s])rings to prevent undue vibration, and are 
taken to the dif)))er, who has a small wagon to carry his tub of 
slip. 

If the bricks are to be di])ped before firing they are placed 
<lirectly they come from the press on to the barrow already 
mentioned, a sufiicient number of these barrows being provided 
to allow the bricks to dry somewhat after they have been pressed. 
This is better than placing the bricks on the floor as they come 
from the press, as the double handling thus necessary is certain 
to damage them, and the cost of a few additional barrows is not 
usually prohibitive. 

The barrows with the bricks on them may be run into a warm 
shed so as to allow the bricks to stiffen and dry sufficiently with- 
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in two or three hours, or they may be left overnight, bricks 
pressed one day being dipped on the next The bricks must not 
be so dry as to show a lighter colour at the edges. Some firms 
dip the bricks after they have been dried ‘‘white hard,” but this 
is seldom ^satisfactory as the sudden soaking of the dried face 
often cracks it. 

When fired bricks are to be dipped they should be sorted at 
the kilns, and good ‘bricks placed on the barr(|jl|s described and 
taken to the dipping shop. 

The dipping shed is provided with rows of temporary shelves, 
and the man places each brick on one of these shelves as 
soon as he has dipped it. As alre^^y mentioned, it is usually 
necessary to cover the face of the bricks with “ body ” before 
applying the glaze, this process beiiig comjiionly known as “ body- 
dipping ” or “ bodying ^ 

The process of “ body-dipping ” varies somewhat in different 
localities, but the following description of the method used by 
the author and many others can be relied upon as being satis- 
factory. It requires the services of a man and a big boy, an 
extra lad being advisable when special bricks are being treated. 

The first lad (termed the “ brusher ”) is provided with a basin 
of “ first dip ” (see later) into which he dips a broad brush with 
soft bristles about 2 in. in length, and by lightly passing the 
brush over each of the bricks on the barrow, a uniform coating 
of “ dip ” is applied to each. It may, sometimes, be necessary 
to go over the edges of the bricks a second time, any surplus 
material being removed by the brush at the same time. It is 
necessary that this first coating should be as even as possible, 
and that it should extend slightly over the edges of the face of 
the brick. 

After each brick has been “ brushed ” in this way, it is 
“ dipped ” into a tub of “ body ” by the man, being immersed 
sufficiently to cover the face of the brick and but little more. 
This dipping requires soiiie amount of skill in order to get satisfac- 
tory results and to produce an even coating free from streaks. 
The bricks should be taken up by both hands, held with the 
face downwards at a slight angle, and in this position should be 
dipped into the body with a single, sweeping motion. The move- 
ment of the brick in the liquid should be very slight, as a long 
sweep is liable to cause streaks. The correct movement is ob- 
tained when the end of the brick which first enters the liquid 
emerges at not more than a foot from the place where it enters, 
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though for some clays even this sweep is a couple of inches too 
long. The dipped brick is then placed on a shelf to dry. 

Bricks which have two faces dipped require even more skill, 
but the process is the same, the only difference being that a shelf 
narrower than the brick must.be used, so that the glazed portion 
does not come into contact with it during the drying. Some- 
times the bricks are dipped twice in the body after an interval 
of a couple of hours, but with a good body this is seldom neces- 
sary. 

The dipping shed should i)e kept moderately warm (65® F.), 
but must not be so hot as to cause the body or glaze to peel off. 
The heat may most conveniently be supplied by steam-pipes 
about 1 in. diameter near the llooi- and below the shelves on 
which the dipped bricks are placed. 

Some firms prefer tcN burn the brick after it has )>een dipped 
in the body, but this is not advisable as any slight variation in the 
heat will prevent the bricks glazing evenly, and discoloured bricks 
are more frequent than when the bricks are finished before firing. 

The glaze is applied by dipping in precisely the same manner 
as the body, but it is usual to let the other end of the l)rick first 
enter the glaze. 

Most unfired bricks are dipped in glaze within two hours or so 
of their being “ bodied,” but the interval between the operations 
depends upon the brick. The glaze may usually be applied as soon 
as the body has become dull in appearance and no longer appears 
to be wet, although it is really so. Fired bricks are ready for 
glazing within a few minutes after being dipped in the body. 

Any surplus glaze is removed (after drying) by means of a 
fine wire brush, or a sharp knife. The })ricks are then ready for 
the kiln. 

The materials used in the preparation of glazed bricks are 
very numerous, and would require a large volume to describe 
them fully. For temperatures near 1000® C. they are similar to 
those used by potters, but for the higher temperatures less fusible 
glazes are employed, and these are usually composed of felspar, 
Cornwall stone, flint, and whiting, the corresponding bodies being 
composed of china clay, ball clay, Cornwall stone, and flint, a little 
,^of the brick clay being often used in the “ first dip 

Other materials such as barytes, zinc oxide, soda, and plaster 
of Paris may be added at the discretion of the glaze maker, and 
the' materials must, in some cases, be fritted into a kind of glass 
and ground before use. 
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Lead compounds are seldom necessary in hand-fired glazes, 
and their use should be avoided whenever possible for several 
reasons. 

Coloured glazes are usually made by adding 1 to 5 per cent of 
one or more of the following metallic oxides to either the body 
or glaze: — 

For ivhites — Arsenic, oxide of tin, tin ashes, oxide of bismuth. 

For browns — Iron anc^ manganese oxides, coloured clays (sien- 
nas and ochres) and umber. 

For yelloios — Titanium, antimony, and iron oxides, lead 
chromate, and (for orange yellows) uranium oxides. 

For reds — Ferric oxide, or red cupper oxide, or gold under 
strong reducing conditions. 

Yot jiinks — Chromium and tin oxides mixed. 

For hkm — Cobalt oxide or phosphai^e, yith or without opacity- 
producing materials like zinc-oxide. 

For greens — Chrome oxides, bichromate, copper oxide, cobalt 
oxide, and yellow clays. 

For blacks — cobalt and manganese or iron cliromate (mixed). 
A perfect black glaze is unknown. 

For The metal gold is applied in various forms, but can 
only be used at very low temperatures. 

For silver — platinum and some of its compounds. 

These materials may be purchased from dealers in potter's 
materials in the form of “chemicals” or as prepared glazes, 
bodies, or colours which only require to be mixed with water to 
make them ready for use on certain clays, though, usually, 
the composition of bodies and glazes must be altered to suit 
the particular bricks to be used, so that no general recipe is pos- 
sible for all cases. The following recipes are, however, given 
here as indicating the general type of body and glaze which (after 
adaptation) will be found most suitable for general work : — 

FIRST DIP. 


China clay 

. 70 lb. 

Ball clay 

. 15 lb. 

Cornwall stone 

. 10 1b. 

Flint 

5 lb. 

Water, about . 

10 gals. 


Part of the clay may be replaced by the clay of which the 
bricks are made, but this is not usually desirable, and in the case 
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of some fire-clays is impracticable on account of the shale-oil they 
contain. 

The amount of water depends largely on the nature of the 
bricks, and may be as low as 8 or as high as 16 gallons. 

The materials should be weighed out accurately, placed in a 
clean tub, stirred up well and passed through a No. 80 sieve, any 
material remaining on the sieve being thrown away. 

Some workers prefer to use a “ first dip " made by adding more 
water to the ordinary body ; where this can be done it saves the 
trouble of making a special mixture. 


WHITE BODY. 


China clay . ‘ . 

60 lb. 

Ball clay .... 

10 lb. 

Cornwall stone 

20 lb. 

Flint . . 

10 lb. 

Water, about .... 

10 gals. 

These materials should be thoroughly 

mixed together — a 


mechanical blunger being used when the quantities- to be mixed 
at a time are siifiiciently large — and passed through a No. 60 or 
80 sieve. If a blunger is used, the ball clay, flint, and water should 
be added together, the remaining materials being added when the 
former have been well mixed. The blunger should be emptied 
and cleaned out as soon as the paddles have been stopped, or 
trouble may occur with the materials setting hard. 

COLOUKLESS GLAZE (CONE 8). 


Felspar 20 lb. 

Cornwall stone .60 lb. 

Flint 5 lb. 

Whiting 16 lb. 

Water, about , . . .10 gals. 


This is prepared in a similar manner to the body. It may 
have '5 per cent of ball clay or 3 per cent of barytes in place of 
5 per cent of the stone. It is better than a purely felspathic 
glaze, as, being more adhesive, it is less liable to be chipped 
or to fall off. 

Majolica glazes are used for all those clays and colours which 
cannot be produced at higher temperatures. The bricks must, 
with majolica glazes, be fired in mufiSe kilns, and must have been 
fired before being glazed. 
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The glaze (usually opaque) is applied by dipping in the 
manner already described, it being used direct or preferably on a 
body. 

Owing to the low temperature in the glaze kiln the glazes 
must usually have been fritted before use, or some portion of 
them must have been submitted to this process. 

A typical fritt for glazed bricks is composed of red lead, Corn- 
wall stone, borax and s(jda, with ehina or ball clay, the propor- 
tions varying with the temperature to be reached. Owing to the 
trouble of preparation, brickmakers usually buy their fritts and 
colours in such a state that they only need mixing to be ready 
for use. The larger works employ men who have made a special 
study of majolica glazes — a subject requiring almost a life’s work 
before perfection can be reached. 

The raw materials, as well as the bod^^ or glaze slips, must be 
stored in a clean dry place, which is cool in summer and not cold 
enough for the slips to freeze in winter. The roof or ceiling must 
be of such a nature that nothing will drop from it into the slips, 
and these slips should be kept covered. 

Large wooden bins are most suitable for the material. The 
slips are best kept in glazed cisterns or tanks, set about 8 ft. above 
the ground-level and fitted with an outlet in the bottom. They 
should not be too deep for a man to be able to stir their contents 
easily with the aid of a bat about 2 ft. 6 in. long. Before with- 
drawing any slip, the liquid must be thoroughly stirred up so 
that no deposit remains on the bottom. ' 

The slip should be taken to the dipping sheds in glazed 
earthenware bowls. These can be obtained cheaply, and are far 
less liable to discolour the bricks than are cans made of zinc or 
galvanized iron. Iron and brass cans must on no account be 
used, and enamelled iron is also unsatisfactory. 

During the dipping, the glaze and body must be kept in con- 
stant motion, and should be frequently passed through a No. 80 
sieve to remove foreign particles and* to aid in the mixing. 

The setting and firing of the glazed goods are matters requiring 
great care. The bricks must be placed in such a manner that 
they do not run any risk of chipping, nor of being discoloured or 
otherwise damaged by the flame. One satisfactory method of 
setting glazed bricks is shown on p. 836, though some firms 
have found continuous (chamber) kilns excellent and economical. 
Muffle kilns are not necessary if the bricks are placed properly. 

Cobured glazed bricks must be kept apart from each other 
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and from white bricks, as a certain amount of “ volatilization ” 
of colour always occurs. 

The glazed faces of bricks must also face other glazed faces, 
or otherwise they will be dulled. 

The manner of heating will depend on whether the bricks have 
been fired before being glazed. If not, they must be Heated as 
cautiously and steadily as possible, all the precautions mentioned 
in section on burning (p. 337 to 367), being observed. When 
the bricks have reached a bright red heat and are fully oxidized, 
the heating should be continued somewhat more quickly than 
when unglazecl bricks are fired, as prolonged heating tends to dull 
the glaze. 

The “finishing point” of the kiln is ascertained by drawing 
out glazed test-pieces (fig. 251) and by examining these ; a fairly 
accurate idea of the temperature is 
also obtainable by the use of Seger 
cones. The full temperature re- 
quired having been reached, the 
fires are poked up, sufficient aii* 
being admitted to let them die down 
rapidly (to prevent overheating) 
and the openings in the kiln are 
then all closed and made air-tight 
with clay paste. 

Kilns containing glazed bricks 
should be cooled fairly rapidly at 
first — ^until the glaze is too cool to 
devitrify or crystallize — but as soon 
as they have reached a temperature 
at which this cannot occur, usually of 900° 0., they should be 
cooled much more slowly. 

When the glaze is applied to bricks which have been fired 
previously, the heating of the kiln may be fairly rapid, but the 
cooling must be cautiously carried out. 

Salt-Blazed bricks are in great demand where a cheap but 
reliable glazed surface is required. Owing to the special manner 
in which the glaze is formed, it is less liable to defects than 
ordinary glazed bricks. Water and frost do not afifect them in 
any way. There is a greater demand for light glazed bricks than 
dark ones. Unfortunately the number of colours available is 
very limited and white salt-glazed bricks are exceedingly difficult 
to produce. 




(BLAZED BRICKS 


4p7 


Ordinary salt-glazing produces a dark brown glaze (similar to 
that on drain pipes), but many makers improve ” upon this by 
first dipping the bricks in a body. 

Salt-glazing differs from other methods of glazing in that no 
glaze is applied direct to the bricks. The bricks are placed in a 
down-draught kiln and, when sufficiently heated, salt is thrown 
into the fire-holes and automatically glazes the exposed portions 
of the bricks. ^ 

In simple glazing with salt, the glaze is really formed from 
part of the salt combining with part of the clay, so that the glaze 
is necessarily far more adhesive than when all the constituents 
of the glaze are mixed togethef and applied in the form of a slip 
or spray. For many years the composition of the salt-glaze pro- 
duced on fire-clay was unknown, but Maeckler has investigated 
the subject very thoroughly and his ^oji elusion that it has a com- 
position corresponding to 20 per cent afifimina, 54 per cent silica, 
and 26 per cent soda and other oxides is now accepted, though 
the reactions which result in its formation have not been fully 
explained. 

All clays are not suitable for glazing with salt, as it is found 
that a certain temperature (corresponding to cone 2 but more 
usually cone 7) is essential for the full development of the glaze, 
and that the proportion of alumina and silica must be within 
(•comparatively narrow limits. L. E. Barringer has shown that 
the most suitable clays are those containing about 63 per cent 
silica and 23 per ccnit alumina, but provided there is not less than 
3 lb. or more than 8 lb. of silica to each lb. of alumina in the clay 
a good glaze may be obtained. Some clays outside these limits 
can be salt-glazed, but will not give really good results. The 
state in which the silica is present does not appear to be import- 
ant, and some clays which, alone, cannot be salt-glazed will give 
excellent results when mixed with very fine sand, but coarse or 
medium sand cannot be used for this purpose. 

The best results are obtained with clays which begin to vitrify 
at the temperature ‘at which the salt is added, but wl^ich do not 
lose their shape until a far higher temperature is reached. 

For this reason, some firms have obtained very excellent 
results by the use of ball clays to which sufficient sand or grog (non- 
plastic material, see p. 18) has been added to reduce the other- 
wise excessive shrinkage, or by adding, some ball-clay to a fire-clay, 
shale, or other lean clay. Occasionally, a mixture of several 
clays and grog is employed, the object being to form a “ skele- 
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ton ” of lean clay or grog, and to use the fine clay to bind the 
other particles together and to help the vitrification. 

Bricks for salt-glazing can be made by any of the processes 
already described, but they should be pressed (p. 139) or repressed 
so as to give them a sharp, clean-cut appearance. The methods 
used for the manufacture of glazed bricks (p. 397) should there- 
fore be used, but the bricks, instead of being “ dipped ” when 
partially dried, are dried completely and th^n taken to the kiln.. 

Bricks made from a ball-clay mixture must not be permitted 
to dry too quickly ; if they are forced in drying they will be cer- 
tain to crack. Two or four days is the average time taken to dry 
such bricks after being pressed/ before they are in a condition 
suitable for placing in the kiln. If drying space is limited, the 
bricks can be stacked in rows to dry two days after being pressed, 
and the space thus vacated may be refilled with fresh bricks. 

The bricks must be {boroughly dry throughout before being 
set in the kiln, otherwise the steam contained in them will 
cause them to crack. 

A “ salt dip ” or coating for using upon the brick is often 
necessary to give the surface of the bricks a uniform, smooth sur- 
face, which will assist the salt to produce a bright, good-coloured 
glaze. This salt-dip, or body, is composed chiefly of washed 
clay (passed through a No. 60 sieve), and it is best to use the 
same clay for the dip as is used for making the bricks, providing 
that the clay contains a very small percentage of impurities. 

If the clay contains much iron sulphide it is very unsuitable 
for use as a body-dip, because the iron will cause the surface of 
the bricks to contain rough, black specks resembling small 
cinders, and the bricks will not be suitable for good work. 

When the clay used for the dip does not produce a good, 
deep-coloured glaze, it should have mixed into it a small quantity 
of English or French ochre, or if one sort does not furnish the 
desired tint, a small proportion of each ochre may do so. .When 
using the ochres great care must be taken that they are thoroughly 
mixed wijjh the clay, or dip, so that the colour will be uniform 
on all the bricks. If too much colouring matter is employed 
it will destroy the soundness of the dip, so that care should be 
taken to use only as small a quantity of colouring matter as will 
give the desired shade. In all cases the dip must have a shrink- 
age equal to that of the brick. 

In cases where the bricks are fired to a temperature of 1210® 
to 1230® C. (indicated by Seger cones Nos. 4 and 5 respectively) 
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it will be advisable to use a dip composed of good fire-clay and 
ball clay ; a few trials of different proportions will soon determine 
the quantity of each required for a dip which will adhere well to 
the bricks. All the materials used for dips should be thoroughly 
soaked iii an equal weight of water (1 gal. to every 10 lb. of 
clay) before being sifted, and if they are soaking for two or three 
months they will work all the better. No dip should be used a 
few hours only after %t js wetted, as small air bubbles will come 
out on the surface and cause small holes or “ pinholes After 
the dip has been suificiently soaked it is sifted twice through a 
No. 30 or 40 mesh sieve. 

The dip should be used as thin as is ^*onsisteiit with a perfectly 
sound surface ; the thicker the dip the greater its chance of peel- 
ing off or becoming otherwise unsound unon the brick’s face. As 
a rule, five gallons of dip are sufficient tq coat about 1000 bricks 
on one side. 

The kilns used in salt-glazing may be single or continuous 
•(chamber) kilns, though there are disadvantages in the latter un- 
less they are used exclusively for salt glazing. In most work it 
is, therefore, better to use separate down-draught kilns (p. 248) 
with a perforated or false bottom. There must be ample grate 
area in the fire-boxes, and the generally accepted rule amongst the 
builders of salt-glazed kilns — viz., 6 sq. ft. kiln area for each fire- 
box — is generally satisfactory. 

As the damper in the main flue of the kiln is of great impor- 
tance in salt-glazing, care should be taken that it fits well' and is 
kept in good order. The brickwork must be tight, as a good, 
sharp draught is needed during some parts of the firing. 

The goods are placed so that there is ample room for the salt 
to reach the faces to be glazed, but apart from this they are set 
just as if they were ordinary glazed bricks. 

To some extent the method of setting depends upon the 
aiumber of headers and stretchers required to be set. 

If 25 per cent of headers are required, the' bricks may be set 
in the following manner : lay a straight edge on the flo^r at the 
back of the kiln and set the shortest row of bricks from screen 
wall to wall, beginning the row with headers. Three rows of 
headers are next set on edge end towards, and upon the top row 
of headers the stretchers are set end downwards, face upwards, 
in a double row back to back, so that the faces of stretchers and 
headers stand perfectly upright and level. The stretchers should 
be up four rows high, breaking joint in each row, so that the walls 



410 


MODERN BRICKMAKINO 


will be firm and the bricks prevented from tippinjj; during the 
burning. 

Upon this row of stretchers, headers are again laid end out- 
wards, to form a tie to the double wall of stretchers. Every two 
rows should be tied together with burnt bricks to keep the walls 
erect. Upon the headers thus set, bull-nose, double stretchers, and 
other bricks having two or more slyied faces are set up in 9 iiu 
columns leaving a space of 2 in. between ^acdi. These are stacked 
up about ten to fifteen bricks high according to the strength 
of the clay used, so that the bottom bricks will be strong enough 
to carry the weight of the others set upon them. When the kiln 
has been filled, the wicket is built up smeared over with clay 
paste so that when this is dry the kiln is ready for lighting. 

The firing must be steady. When a good red heat has l)een 
reached it should be fj-irly rapid, a* srood “ body of heat ” being 
reached before the salt is added. This is necessary, because 
the decomposition of the salt is accomi>anied by a sudden drop 
in the temperature of the kiln (sometimes as much as 300° C.), 
and if the bricks are not hot enough the glaze will l)e dull and 
scummed. 

It is possible to glaze with salt when the temperature is as low 
as cone 1, but the bricks produced are seldom of first-class quality, 
and it is far better not to add the salt before cone 7 has been bent 
over in the cooler parts of the kiln. 

As cone^ are useless when salt is present, many burners 
dispense with them and heat the kiln until vitrification sets in 
before salting and the goods have a slight gloss or ‘‘ flash ” on the 
surface. Some fire-clays give no indicatioji of this kind and cones- 
are then necessary for reliable work. 

The working of the kiln when salting varies with difterent 
men, but the usual and best plan is to get the fires clear and free 
from smoke — the bricks being at the right temperature as already 
indicated — and then to drop the damper to within a few inches 
of its lowest point. A shovelful of salt is next put deep into each 
fire-hole*in turn and the hole closed with slabs or doors. 

After a quarter of an hour or rather longer, the damper is raised 
and the fires fed with coal, the object being to raise the tempera- 
ture of the kiln to what it was before salting. When this tem- 
perature has been reached the damper is again lowered and 
another shovelful of salt is placed in each fire-hole, as before. A 
final firing (with the damper raised) will usually complete the 
glazing, but this should be confirmed by drawing trials (fig. 251) 
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which will show whether the jj;laze is sufficiently thick and 
pjlossy. 

It is wise to draw trials before adding the second batch of salt, 
as occasionally the temperature falls more than is expected and 
a longer period of firing is then necessary. . In any case it is 
useless adding more salt until the bricks are hot enough to de- 
compose it. 

Some men habituaHy add salt three times, but tliis is seldom 
necessary, and thc‘< use of trials drawn after each firing will show 
whether a third dose of salt is desirable. Most fire-clays require 
10 oz. to 20 oz. of salt per cubic foot capacity of the kiln. The 
salt may be damped if necessary, but the moisture in tlie coal is 
usually sufficient to provide all that hi needed. 

The colour of the glazed bricks will de])end on the clay of 
which they are made, or the “ dip ” if ^iny is used, and also on 
the extent to which the kiln damper is kept open. A partly 
closed dam])er will introduce reducing conditions during the firing 
and will cause tlie glaze to darken. Liglit-coloured glazes need' 
plenty of air and a widely opened damper. The ordinary colours 
are yellow to dark red-)>rown, or occasionally a brownish black, 
but if a “ body ” is applied, the colour produced may be blue, 
brown, yellow, or green according to the oxides present in the 
body-slip. In such cases, the damper must )>e kept fully open 
and the fires very eJear. 

The kiln must be cooled fairly quickly until the goods are at 
a dark-red heat,' but the elaborate precautions taken by some 
burners are seldom needed. The fires should be kept clear by 
frequent and light stoking, so that when the kiln is finished they 
may be allowed to die down without any danger of developing 
“ sulphur ”. As soon as the fires are sufficiently cooled, the fire- 
holes may be stopped u]> with slabs and made tight with clay- 
paste. 

“ Scummed bricks ” are due to insuffieJent firing before or after 
adding the salt, and can usually be cured by re-firing at a higher 
temperature. • 

Rough and blistered bricks are due to over-heating the clay, 
especially with insufficient air. This causes it to swell and blister. 
The defect is caused before salt is put into the kiln, but is inore 
readily ol)served when the bricks are glazed. The remedy is to 
fire more slowly at a dark -red heat, with an aniple supply of air, 
until all the carbon has disa]>j)eared, or to use a more refractory 
clay. 



CHAPTER XII 

PERFORATED. RADIAL AND HOLLOW BRICKS AND BLOCKS. 
PARTITION BLOCKS AND FIRE PROOF FLOORING. 

The manufacture, of liollow or p^!rforated bracks and blocks has 
increased greatly during the last few years, particularly in the 
manufacture of partition -walls and flooring oY a fire-proof nature 
for modern building. The manufacture of hollow blocks is really 
very old, but it was only during the last century that extended 
use was made of this valuable form of architectural work. 

“ Perforated bricks ” have a series of small holes transversely 
through them, these holes being not more than § in. diameter. 

Hollow blocks ” have much larger holes running through 
them. The hollows or “ tubes ” may run either lengthwise or 
transversely through the blocks, the former being the more usual 




Fig, 252. — Hollow blocks. 


(figs. 252 and 253), and the exterior of the blocks can be of any shape 
which can be produced from a mouthpiece connected to a pug- 
mill or similar press. Thus, for fire-proof flooring the blocks ate 
' often somewhat bent, so that when put together they have a 
distinct •‘camber.” Such blocks are in great demand in con- 
nexion with various systems of “ reinforcing ”. 

The shape of the hollows is a matter of some importance to 
the block manufacture, as it is far easier to produce circular or 
elliptical ones than those of square or angular section, as the latter 
require more power and the cores must be frequently renewed 
as they wear rapidly. The shape of the ends of these cores 
determines that of the hollows, but the cores must usually taper 
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towards the back of the mouthpiece (fig. 254) in order that the 



Fig? 298. — Hollow fire-proof flooring. 


clay may not be strained and cracked as it issues from the 
machine. 

Hollow blocks with closed evds may be made by using hollow 



Fig. 254. — Back of mouthpiece. 


cores ‘vhich can be closed inter> 
mitten cV by mechanically oper- 
ated slyitters. ^ The resulting 
clay-band then , consists of a 
series of alternating solid and 
hollow portions, the lengths of 
each depending on the time the 
shutters remain closed. The 
clay-band is then cut, by wires, 
into separate blocks. 


Eadial bricks are used for chimney construction and are 
frequently perforated. They are best 
made thicker than ordinary bricks, 
the cutting wires being placed 3^ in. 
apart, as this saves labour in brick- 
laying and, by reducing the number 
of joints, it increases the strength of 
the chimney. Perforated bricks are 
preferable to solid ones in chimney 

* i’lu. atftui , — ” lAuia uic 

building, as the workman can place for hollow blooks. 

his fingers in the perforations if these are large, and can thue 
use wider bricks than could otherwise be employed# Hollow 
and perforated bricks are also poorer conductors of heat than 
are solid ones, and this is a further advantage. 

For each change in the diameter of the chimney a fresh mouth- 
piece will be required, as the fitting of temporary liners has 
seldom proved satisfactory. 

Both perforated and hollow bricks are valued on account of 
their lightness, but to a small extent they are made in order to« 
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save material. Their lightness compared with solid bricks effects 
a great saving in freightage charges, and enables floors, ceilings, 
and partition walls to be erected in places where solid blocks would 
be too heavy. Some Continental hrickmakers prefer to use 
perforated bricks for glazing and facing Work, because, unlike 
solid bricks, they are not lifted by hand from the press, but are 
received on a “fork,” the prongs of which engage in the per- 
foration, so that there is little or no danger* of the faces of the 
bricks being damaged. 

From a technical point of view, hollow bricks have the advan- 
tage of drying more rapidly and thoroughly and of requiring less 
fuel for burning. • On the other hand, trifling defects in a solid 
brick become more easily visible in a hollow one, and errors in 
the adjustment of a machine which would pass unnoticed when 
solid bricks are being^made, require ])rompt attention when 
hollow bricks are produced. 

Perforated bricks are usually made by fixing bars the size of 
the perforations in the mouthpiece of the pug-mill, so as to form 
a series of cores, or in the lower part of the die when the semi- 
dry or dry-dust process is used. 

Hollow blocks are frequently made from a mixture of clay 
and sawdust; the latter burns out in the kiln and ]>roduces a 
much lighter material than would otherwise ])e the case. This 
material has also an advantage in that it enables nails and screws 
to be driven into it, a property much appreciated by housewives. 
The proportion of sawdust which may be used depends to some 
extent on the plasticity of the clay employed, but it seldom ex- 
ceeds one-quarter of the weight of clay. 

Coal and peat are sometimes used instead of sawdust, but 
the former is not to l)e recommended as it is liable to cause 
over-heating of the material in the kilns. 

Hollow bricks are made almost exclusively by the plastic or 
stiff-plastic process in a pug-mill with mouthpiece (p. 1 08) when 
large numbers are needed. When only a few are required, and 
for ornaiflental patterns, plaster moulds are used. 

The clay is mixed into a paste in a pug-mill and forced 
through a mouthpiece (p. 113) provided with one or more cores. 
The clay-band produced is then cut into suitable lengths on a 
cutting table, and these are set on a warm floor or on shelves to dry. 

In making hollow blocks, the clay must be very thoroughly 
mixed, as if of uneven composition the paste will crack or tear 
on issuing from the mouthpiece or on drying. For this reason 
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bhey are frequently made in a machine separated from the pug- 
mill or mixer, the clay being forced through the mouthpiece by 
means of a plunger. 

For some of the larger blocks plunger machines or “ stupids ” 
are employed. These are of various types, but, unlike the ordin- 
ary pug-mill with a mouthpiece, * they do not work continu- 
ously, though by using two plungers an almost continuous 
output can be obtained. , A typical machine of this kind is shown 
111 fig. 255. It consists of a case or charging box containing the 
L^lay paste, and a plunger which is forced forward by steam pres- 
sure which acts directly on the end of it, the steam entering 
through a 2 in. pipe into the cylinder at one end of the machine, 
the amount of steam admitted being conti oiled by a hand lever 
at the moutlipiece end. As the plunger travels forward under 
Hie pressure of the steam it pushes the cl, ay before it and forces 
it through the mouthpiece. Tlie pressure exerted may be much 
ujreater than that obtained with an auger machine or pug-mill, 
and as there is no possibility of the clay working backwards (as 
when knives are used) such a machine is well adapted for use 
where very large hollow blocks are made. Many brickmakers 
find such a machine useful for all kinds of “ odd work ” such as 
copings, invert blocks, and various siiecial or ornamental bricks, 

1 1 rain -pipes, etc. 

The machine shown in fig. 256 is driven by band instead of 
steam power, and is, therefore, convenient in many works. The 
lid of the clay box is fitted with weights and chains so that it 
can be readily lifted, and the fastenings are simple and strong. 
A cutting-table is placed in front of the mouthpiece of the 
jiiachine, when in use, hut is not shown in the illustration. 

Suggestions regarding the construction and use of mouth- 
pieces will be found in the section on the wire- cut process 
(pp. 108, 129), but the insertion of one or more metal cores (to 
form the hollow) makes additional precautions necessary. 

In the first place, the cores must be exactly central or the 
walls will be cracked or torn as the clay issues from the machine, 
and they must be tapered away from the front of the mouth- 
piece so that the clay may become steadily more compressed in its 
passage through the mouthpiece. In order that these conditions 
may be fulfilled the cores must be attached to a metal “ bow 
or frame at the back of the mouthpiece, this frame being slotted 
so that the cores may be moved vertically and horizontally as 
shown in fig. 254, which shows two cores fixed ready for use. The 
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framework and cores must be very strong as the pressure of the 
clay on them is very great, and unless they are sufficiently well ' 
built, they will be bent by the clay paste in its passage. 

Hollow and perforated bricks and blocks are burned in the 
usual manner, though they must usually be heated very cairefully 
during the earlier stages up to a bright red heat, particularly 
when sawdust and other combustible material is mixed with the 
clay. . Unless this material is allowed to bum out slowly with a 
sufficient amount of^ aif to oxidize it, yet not enough to cause over- 
heating, the bricks will be discoloured and irregularly burnt. 



Fig. 256. — Hand-driven ranning-out maohine. 


It is a curious fact that many hollow blocks have a crushing 
strength quite equal to that of solid blocks of the same size. It 
has been suggested that this is due to the much more thorough 
mixing of the material which is necessary when hollow blocks are 
made, and to the custom of burning hollow blocks more thoroughly 
than ordinary bricks. ^ 

When laid in cement mortar and reinforced,” hollow blocks 
form one of the strongest forms of building material at present 
known. 

Glazed hollow blocks or tubes of a shape similar to that 
shown in fig. 252 are much used as conduits for electrical pur- 
poses. They partake more of the nature of pottery than of 
bricks, and so are beyond the scope of the present work. 
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CHAPTER XIIJ 


• • 

MOULDED AND ORNAMENTAL BRICKS 

Ornamental slabs and bricks are generally made by hand, unless 
the nature of the ornamentation permits them to be made by the 
wire- cut process. For very simple designs, metal-lined moulds 
may be used, but for more ornate work pJapter moulds — sometimes 
in several pieces — must be used. 

A brick of the requirecl design is first carved in plastic clay a 
little larger than the size of the finished brick, so as to allow for 
contraction in cfrying and firing. This “ model ” must be very 
carefully and accurately made, as any defects in it will be repro- 
duced in future bricks. As soon as the modeller has completed 
his work th^ motild-maker places it on a board and brushes it 
over with a solution of soft soap in water to which a little tallow 
has been added, the boards being very similarly treated. He 
next places several boards or a piece of linoleum around the 
model, carefully stopping up any holes with clay paste, so that a 
case is formed into which the liquid plaster can be poured with- 
out any leaking away. Plenty of clay paste should be used, as a 
leak is very troublesome, and, for added strength, the boards or 
frame used should be fastened together with nails or cord. 

The inside of the case is brushed over with soap solution, and 
the mould-maker next mixes a quantity of “superfine ” plaster 
of Paris with water in a bucket, so as to obtain a thick slip, and 
stirs this well with his hands, so as to mix it thoroughly. The 
amount of plaster needed must be judged by experience, the 
beginner will not go far wrong if he half fills a bucket with water 
and sprinkles the plaster rapidly into it until it no longer sinks 
into the water, but the i:>roper proportions can only be ascertained 
by trial. 

The plaster-slurry must be worked with the hands until it is 
free from lumps and is of a smooth, creamy consistency ; it is 
then poured slowly and steadily into the case by an assistant, 
■whilst the mould-maker uses one or both hands to stir it slightly, 
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and prevent air- bubbles forming between the model and the 
plaster. Sufficient plaster must be poured in to cover the model 
to the depth of about 2 in. or 3 in. The whole is now left until 
the plaster has set, after which the casing is removed, the 
plaster mould turned upside-down and the clay cut out with a 
knife or tom out with the fingers, great care being taken not to 
damage the mould. Sometimes the model will drop out whilst 
the mould is being turned, but if it does not do so it must be 
cut out. The mould is then set aside to dry and harden before 
it is used. When complex designs are required, it may be 
necessary to make the mould in several pieces. 

To reproduce bricks in sucl^a mould, it is laid on a bench and 
a piece of clay i)aste thrown into it with considerable force and 
pressed well into the crevices of the mould. More paste is thrown 
in and pressed in until the mould is full. Any excess of clay 
is removed by drawing a strike or a 'stretched wire across the 
face of the mould, the clay being then smoothed (if necessary) 
with a large, flexible-bladed knife. The mould with its contents 
is then set aside until the clay is sufficiently dry for it to be 
turned out of the mould. If the mould is properly made and 
filled, the bricks should not require any further finishing, but it 
will often be found necessary to “touch them u])” slightly with 
a modelling tool before setting them, aside to dry completely. 
When very large blocks are made in this way, the drying re- 
quires much time and care, but ordinary sized bricks offer but 
little difficulty in this connexion. The burning may be carried 
out in any ordinary kiln, but as the colour of ornamental bricks 
is usually important, they should be so placed in the kiln as not 
to be discoloured by dust or flame. 

Glazed blocks and slabs for fire-places are usually made in 
this manner from fire-clay or shale. The glaze used should, pre- 
ferably, be hard-fired to prevent crazing, but as few firms have 
been able to create a sufficient variety of colours with hard firing, 
“ majolica ” or low temperature glazes are commonly employed. 
A description of this class of glazed ware to be comp]ete would, 
alone, require a large volume. 



CHAPTER XIV. 

DRYING RAW CLAY. 


It not infrequently happens during the winter months that the 
clay obtained is so vet that it cannftt be properly treated by plant 
which is primarily designed for dry materials. In such a case, 
some means of drying the clay is necessary, and it will often be 
found that materials which are difficult to grind when in a plastic 
or sticky state will be greatly improved by being dried before 
treatment in the mills. 

When ample time can be spared for the drying, or when it is 

the practice of the firm to 
gather dry clay and store it 
under cover, the arrange- 
ment shown in fig. 257 will 
be found satisfactory. This 
kind of shed, constructed 
of Venetian shutters and 
chequered brickwork with 
a light roof, is readily and 
cheaply built, and will keep 
clay dry, or dry it slowly, 
at a trifling cost. The 
author has seen several 
sheds of this kind in active 
use, and in Germany, 
where the weather is warmer than it is in this country, it is all 
that is required in many yards. No heating arrangement is used, 
but every effort is made to allow access of air and to keep out the 
rain; consequently, on the most exposed side weather-boards 
are used instead of the open brickwork. 

When a heated dryer is needed for the clay, two distinct forms 
are available, viz. the hot floor and the cylindrical or tubular 
dryer ; the latter being usually the most economical. 

A hot-floor dryer for raw material consists of a shed, the floor 
(420) 



Fig. 267.—Shed for drying clay. 
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of which is built over flues heated by fires or steam. Steam - 
heated floors have the advantage that they cannot spoil the 
material on them ; but they are slow in action and fire-heated 
dryers are therefore more generally used. 

The material is taken to the hot floor in wagons which run on 
a track down each side of the shed. The material to be dried 
is then tipped on to the floor and spread about with rakes 
or shovels. The p^r1;^oii on which the material is dried is pre- 
ferably covered with iron plates which fit over the flues. Two 
or more flues may be used, each being about a yard in width and 
depth, with sufficient solid ground between to allow a wagon of clay 
to travel over it. The flues are heated by fires placed at one end 
of the shed, a transverse connected flue at the other end being 
connected to a chimney to produce tlje necessary draught. The 
fires should be arranged so that an an;vple supply of cold air can 
be admitted if required, in order that the temperature of the 
clay may not be excessive. To avoid undue risk of excessive 
heat, the first 3 yds. of each flue may be covered with brick- 
work instead of the iron plates used for the remaining portion of 
the flue. It is essential that the flues should be sufficiently long 
bo utilize the heat from the fuel efficiently : 70 ft. is a suitable 
length for most clays. 

Whilst drying, the clay should be turned over and moved about 
3Ccasionally, and the roof of the shed must be well ventilated so 
as to carry off the steam. Clay which is almost dry should be 
kept away from the fire end of the flues. 

Though simple in construction, floor dryers are far from 
economical, and tunnel dryers are, therefore, preferable. The 
latter are, indeed, the most Suitable of all if the clay is to be 
dried in blocks or “ balls ”. A typical dryer of this type, in 
addition to those described in a previous chapter (p. 161) is 
shown in fig. 258, and is equally suitable for drying bricks. The 
slay blocks or balls are placed on cars fitted with shelves, and 
travel slowly through the tunnel. The air enters the heater {H) 
and is forced into the tunnel by the fan (F) so that ilf travels in 
the opposite direction to the clay, as shown by the arrows. 

Such a dryer is especially convenient where the clay must be 
dried with “ pure air,” on account of its colour being spoiled by 
dre-gases. 

In tubular dryers, the clay passes down through a hollow 
metal cylinder (fig. 259) placed at an angle, hot gases passing 
along it at the same time. If the clay is very sensitive it may 
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be necessary to keep it out of contact with these gases by using 
pure air heated in a recuperator, or by surrounding the tube by 
another and passing the hot gases between them. To facilitate 
the drying the tube is usually made to revolve slowly, baffle plates 



being fixed in its inside to prevent the clay passing out too 
rapidly. Instead of hot air or fire gases, steam may be used, 
but only for small outputs, though a level cylinder fitted with 
s^ami^ipes and a spiral worm conveyer will often be found to 
be fAr more satisfactory than a fire-heated dryer of this typ^. 
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Moeller and Pfeiffer’s clay -drying drum is shown in section in 
lig. 260, the drum (h) being rotated by gearing not shown, whilst 
the clay enters through the hopper (^), and air heated by the 
products of combustion from the fuel on the bars (/) is delivered 
from a fan (e) which draws it from the farther end of the drum, 
and so uses part of it repeatedly, the remainder escaping through 
the chimney (p). 

A good rotary ^Ir^^er is somewhat costly to instal, but, if suf- 
ficiently long to utilize the heat properly, it wiU soon repay for 
itself in cases where it is required. Large lumps should, if 
possible, be broken up, as they dry very slowly and irregularly, and 
the greatest output is securedTby feeding regularly and only small 
pieces. 

Where exceedingly large quantities of (day have to be dried a 



Fio. 260. — Moller & Pfeiffer’s clay-dryer. 


special form of shaft kiln may be used ; such “ tower-dryers ” 
are, however, seldom used by British brickinakers. 

If the material contains less than 5 per cent of moisture 
on leaving the dryer it will be satisfactory ; there is no need to 
dry it completely and there is a considerable risk involved in 
doing so. Care is necessary to xirevent any part of the clay 
from becoming over-heated and so losing its plasticity. 

It is generally understood that 100'’ 0. is the maximum 
temperature permissible in drying clay, but Bleininger has found 
that highly plastic clays kept at 200° C. for some time become less 
sticky and are far easier to work. This super-drying is of great 
importance with surface clays and with materials similar to 
“ London clay ”. 



CHAFER XV. 

SOURCES OF DIFFICULTY AND LOSS. 

The difficulties and losses met with in the manufacture of bricks 
are numerous and •varied, yet they may be traced to four maii;i 
sources : (a) improper materials or site ; (b) unsuitable methods 
of manufacture; (c) lack of capital, and (d) defective accounting. 
Any one of these may be, sufficient to wreck an otherwise satis- 
factory business, and it is, therefore, useless to suggest that one 
is more important 'than the rest. 

Improper matmals or site. Under this term may be included all 
those errors of judgment which have resulted in the establish- 
ment of brickworks too far removed from good markets, or on 
land which can, at best, produce only an inferior quality of bricks. 

Brick manufacturers are particularly prone to erect works 
without any regard to the position of the railway or of the market 
to be supplied, and the author is acquainted with a number of 
instances where a small knowledge of geology would have saved 
the firms concerned many hundreds of pounds per annum in 
cartage alone. Not having this knowledge, works have been 
erected at one part of a clay deposit at some distance from the 
road or railway, whereas the same deposit extends close to the 
railway line. Instances of works constructed on unsuitable sites 
are far more common than is usually supposed, and the average 
brickmaker would be wise to obtain independent and expert 
advice before completing the purchase of land or works, particu- 
larly when new works are to be erected. 

There ace many clay beds which are notoriously difficult to 
work, and from which the inexperienced brickmaker should be 
warned, did he but accept impartial advice before it is too late. 

Two of the best known deposits which are responsible for 
many “ failures ” are the “ London clay ” and the various “ drifts 
or ‘‘ boulder clays ” which occur in Lancashire and several other 
counties. 

The first of these is treacherous because it is strong and sticky 
f424) 
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^without being truly plastic, and is of such an inferior nature that 
it .can n^ver be used alone for good work. The second ^laterial 
is, so variable, in its composition as to require constant care on 
the of some capable and responsible person, '6r material of 
B nature quite unsuitable for brickpiaking, and yet not easily 
distinguished from clay, may be s^nt to the mills and cause a 
serious amount of damage. Boulder-clay is used successfully 
by many careful mg^iufacturers for the production of common 
bricks, but they are ever on the alert to prevent unsuitable 
material being dug and used. Were a bed of boulder-clay to be 
worked by steam navvies (as the Peterborough clay), the irregular 
composition of the material wodld bring about iihe financial ruin 
of the manufacturer unless the deposit was unusually clean 

Other clays, in other districts, must aWbe carefully studied if 
satisfactory results are to ))e obtained," and those sites carefully 
^voided where the clay is of an unsuitable character. 

The value of a clay bed can only be ascertained as the result of 
extensive tests, involving the use of at least several hundred- 
weights of material. Opinions based on the examination of a few 
ounces of clay may be accurate, or otherwise, according as the 
sample truly represents the whole bed, or is only equivalent to the 
worse or better portions of it. 

Imperfect tests toften lead to serious trouble for all concerned, 
and the opinion of a foreman or of a public analyst should never 
be accepted as sufficient, unless confirmed by tests on a relatively 
large scale. Even the opinion expressed by a specialist in clay- 
working may be erroneous if he is not placed in full possession of 
the facts, though he is, by virtue of his special knowledge, less 
liable to serious error than are others who give an opinion based 
on a more limited experience. 

Unsuitable methods of ivorking are an exceedingly common 
source of difficulty and loss. Many brick manufacturers are led 
to put down plant without due consideration of the character- 
istics of their clay, and later are tempted to replace it by other 
plant equally unsuitable. In one case known to the author, a 
firm purchased no less than four different sets of machinery, 
each by different makers, and were contemplating experiments 
with a fifth when they were persuaded to take independent 
advice and to utilize various pieces of machinery in their pos- 
session. The difficulty in this instance lay in the peculiar 
nature of the material ; but instances of grinding-mills or brick- 
making-.machines being replaced by those of other makers, for 
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reasons which are quite insufficient and only show the ignorance 
of those concerned, are by no means uncommon. 

Erroneous methods of working can only be put right by those 
having sufficient knowledge of the clay used, and are so situated 
as to be able to give impartial advice. A machinery maker is 
obviously not in this position, and it is only in the employment 
of an expert who, it is known, never accepts commissions or other 
remuneration ” from the sellers of particular machines or kilns, 
that a reliable means of overcoming the (iifficulty'can be obtained. 

Unfortunately, the average brickmaker is fond of asking advice 
of all and sundry without placing the information so received at 
its proper value. He is, the!‘efore, often in the unpleasant 
position of having paid an excessive price for a simple piece of 
plant (such as a riddle) or of having purchased a machine which 
he learns, later, is quite unsuited to his needs. Either position 
is regrettable, but can only be avoided by using the means sug- 
gested, and, to a certain extent, by independent study of the 
subject. 

Lack of capital is stated to be the cause of three-quarters of 
the failures of various brickmaking firms. Whilst it is not im- 
possible that some of these business failures are really traceable 
to other sources, the fact remains that it is generally risky 
to start without sufficient capital to pay for all the plant and to 
keep the place going for at least six months, and preferably for 
a year, without any bricks being sold during that time. In 
some branches of brickmaking a larger capital is desirable. It 
is not always necessary that this large capital should be invested 
in the business, but it must be available in time of need if the 
firm is to b^ reasonably safe from premature stoppage and failure. 

The fact that some years ago certain well-known brickmakers 
started with but a few hundred pounds and proved highly suc- 
cessful is not a sufficient reason for repeating the experiment 
at the present time, except in those places which are growing 
rapidly and competition is not likely to be felt for some years to 
come. A large number of such places exist on the outskirts of 
some of our smaller towns and near some of the larger ones, but 
great circumspection is needed before commencing work under 
such conditions. 

Special care is necessary in the purchase of old works, as there 
are many of these in existence which ought never to have been 
erected, and a large number of others for the sale of whose 
goods no market exists. Such works are dear at any price, and 
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whilst “ bargains ” may occasionally be obtained, they are dis-' 
tinctly rare, and should only be purchased after reliable and 
full information has been obtained. It is never easy to ascertain 
the true cause of the failure of the previous occupier, but unless 
this can be satisfactorily explained the yard may prove anything 
but a source of profit. The services of a specialist having a 
previous knowledge of the works in question are often valuable. 

In any case ample .capital — either direct or in the form of 
reliable credit — should be available before a brickworks is started 
or purchased. * 

Defective accounting prevents many brick manufacturers from 
realizing their true position as ^on as they should do, yet this 
disadvantage is comparatively easy to overcome. 

As ordinarily carried out in small or ‘medium -sized yards the 
manufacture of bricks requires the 8imjjJ*>st form of book-keep- 
ing, yet many manufacturers fail to keep even this necessary 
minimum in a proper manner, with the result that when trade 
falls slack they are compelled to make special arrangements 
with their creditors, and to suffer discomforts which might have 
been avoided had they known earlier the results of their work. 

It is essential that the proprietor, manager, or lessee of any 
brickyard should know how much his bricks are costing per 1000 
from week to week. To wait until the end of the year is in 
many cases to postpone the consideration of the subject until it 
is too late. 

Each week, therefore, a summary should be prepared showing 
the following : — 

Stock — Brought forward, made, sold, rubbish, in hand. 

Accounts — Owing, receivable. 

Cash — Brought forward, received, paid, in hand. 

This account should further be divided so as to show the 
main items of expenditure under the following heads : wages 
for manufacture, wages for repairs and other work, cost of repairs 
and renewals, cost of fuel, cost of oil and other supplies, other 
expenses (detailed). 

From the foregoing should be calculated the figures per 1000 
bricks as follows: (a) labour (including foreman) for manufac- 
ture; {h) fuel; (c) non-productive labour, and materials for 
manufacture, alterations and repairs ; {d) oil and other supplies ; 
(e) rent and royalty, or equivalent, and taxes, depreciation and 
office expenses ; (/) exceptional expenses ; (g) average net selling 
price. ^ 
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This summary should be studied week by week with a vie^ 
to increasing the profit to be realized from the works, and care 
ful comparison should be made of the different summaries, Ii 
some instances, more detailed statements are desirable (e.g. th< 
number of bricks set in and drawn off from each kiln), but thos< 
mentioned are suflSicient for an ordinary yard. 

Certain figures will have to be averaged as they are paid fo 
at long intervals, but with care this need occasion no difficulty 
and little or no inaccuracy. 

In makiitg these comparisons from time to time it is essen 
tial that a broad-minded policy should be adopted, or the amoun 
set aside for depreciation musf be increased. Thus it is foolisl 
to reduce the expenditure on repairs and renewals below a suit 
able limit, as this would result in the production of an inferio 
brick for which a lower price would be obtained, or the wear an( 
tear of the machinery would involve a relatively greater expensi 
later. 

When a yard ig sufficiently large to justify the expense it i 
far better to have the whole stock and plant valued by an inde 
pendent valuer of established reputation in this class of wori 
than to adopt the customary plan of writing off 5 or 10 per cen 
each year for depreciation. 

It is also important that the sums so set aside should bi 
kept quite distinct from the business and should be invested n 
other securities. Otherwise it may again be found, as has hap 
pened on many previous occasions, that the “ reserve fund ” ha 
no real value, as it has all been absorbed by the losses of the firm 
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Abrasion, 370, 376, 377 
Absorbent bricks, 13 
Absorption, 371 
Accidental blows, 377 
Accounting, defective, 427 
Accrington, 6, 9, 14, 212 
Accumulators, 259 
Acid-proof bricks, 372 
Adams, A., 194, 221 
Advice, necessity of impartial, 426 
Aerial ropeways, 36 
“ Aero ” dryer, 164 
Air, 266, 269, 270 

— bricks, 17, frontispiece 

— heat-carrying power of, 168 

— heater for dryer, 163 

— in dryers, 163, 166 

— in drying, 175 

— flue, 250 

— for blue bricks, 369 

— for combustion, 253, 359 

— insufficient, 340 

— leaks, 303 

— supply, 342, 344, 348, 349 
Alkalies, 377, 391 
Alumina, 6, 378 
Analysis, 378 

Anglo-American machine, 73 

Annealing, 298 

Arch, longitudinal, 299 

— brick or wedge, frontispiece 

— bricks, 316 

— flues, 274 
Arches, 315 

— flattened, 316 

— pointed, 316 

— strength of, 316 

— transverse, 299 
“Archless "kiln, 294, 333 
Arrises, 12, 231, 232, 239, 241, 399 
Artificial dryers, 154 

Ashby, 378, 874 
Ashes, 10, 48 
Auger machines, 108 
Automatic feeding, 883 


B 

pack-thrust, 110 

— pressure. 114, VtA 
Badly-shaped bricks, 114 
Baffle plates, 193, 194 

Bags, 249,,f^J, 263, 264, 269, 318 
Bagshot, lo, j 8, 40 
Baked br'ollb, 887, 338, 846 
Baking, 337 
Ball-clay, 407, 409 
Bar tests, 343, 369, 365 
“ Bargains,** 427, 

Barnett & Hadlington, 268, 800 
Barringer, 336 

Barrows, 38, 54, 210, 215, 236, 400 

Barton mould, 56 

Barytes, 402 

Basic bricks, 398 

Bath bricks, 14, 338 

Bats, 17 

Bauxite, 378, 381, 393 

— bricks, 894 
Bearings, 105 
Bechtel dryers, 214, 216 

— barrow, 216 
Bed-clay, 2 

Belgain kiln, 267, 300, 369 
Belt, 176, 212, 216 

— conveyor, 220 

— elevator, 191 
Bennett & Sayer, 108, 188 
Berkshire, 9 

“ Best front *’ bricks, 126 
Beyer’s damper, 

Binding clays, 37!. , - 30, 382 

— material, 382 
Black, 340 

— bricks, 12 

— core, 340 

— -ended bricks, 358 

— glazed bricks, 403 
Blackman Ventilating Go., 163, 166 
Blades, 104, 105, 106 {see “ Knives 

110, 111, 328 
Blake, Marsden, 181 
Blasting, 20 
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Bleiohert, A., & Ck),, 36, 38 
Bleininger, 175, 423 
Blister, 411 
Blistered brioks, 411 
Blocks, 373, 387, 388 

— lefraotoiy, 3^ 

— for feed-boles, 31C 
“ Blowing,” 9, 23 

— air, 3& 

“ Blown,” 841 
Blows, 377 

Blue bricks, 12, 268, 300, 345, 346, 368, 
369 

— glazed bricky 403 

— colour, 368 
Bluish bricks, 344 
Blunger, 404 

Bock, 294, 302, 303 • 

Body and bodies, 399, 403 

— dipping, 401 

Body materials, 403, 405 

— dip, 408 
Bodying, 401 
Bohn’s clay cleaner, 24 
Bolts, 328 

Bond for bricks, 311 
Book-keeping, defective, 427 
Boulder-clays, 2, 4, 102, 179, 424, 425 
Bovey Heathficjld, 4 . 

Box moulds, 55 
Bracknell, W., 54 

Bradley & Craven, 90, 144, 147, 201, 202 
Breaking, 366 
Breeze, 10, 18, 66, 67 
Brick-earth, 1 

— car, 172 

— conveyor, 213 

— counter, 211 

— kiln, 243 

— - machinery, 68, 177, 240, 416 
Bricks {see also under adjectival lisad- 
ings)^ 

— Accrmgton, 14 
— - air, 17 

— arches, 316 

— badly-shaped, 114 

— baked, 337, 846 
-- Bath, 14, 338 

, — black, 12 

— blue, 12, 345, 346, 368 

— brown, 12 
buff, 828 

— “ catch fire,” 340 

— channel, 17 

— clamp, 16 

— clinker, 16 
~ coarse, 232 

— coping, 17 

— cutters, 15 

— dust, 14 

— engineering, 16, 368 


Brioks, facing, 15, 125, 209, 297 

— fire, 16, 41 

— Fletton, 14 

— floating, 16 

— general manufacture of, 20 

— glazed, 7, 16, 336 

— grey, 12 

— hand-made, 41 

— hollow, 316 

— impervious, 239 

— malm, 17 

— marl, J.6 ^ 

— moulaed, 335 

— paving, 16 

— perforated, frontispiece^ 125, 412, 413 

— place, 17 

, — plastic, 16 

— plinth, 17 

— polished, 16 

— pressed, 16 

— purple, 346 

— red, 9 

— rubbers, 16 

— sand-faced, 16 

— sand-moulded, 52 

— sandy {see “ Rubbers ”), 15 

— selection of, 311 
— - somi dry, 14 

— semi-plastic, 14 

— setting, 254 

— slop-moulded, 15, 51 

— soft, 13 

— soft-ended, 232 

— spoiled, 347 

— stiff plastic, 15 

— stock, 17 

— Suffolk, 8 

— swelled, 341 

— tubular, 126 

— weak, 232 

— weak comers, 114 

— white, 8, 328 

— yellow, 9 
Bridgewater, 14 

“ Brighten up ” the goods, 350 
Brightside Engineering Go., Ltd., 27, 
47, 71, 88, 134 
Briquettes, 396 
Brittleness, 391 

Brown, A. E., 44, 46, 57, 156, 163, 168, 
169, 252, 262, 267, 276 
Brown bricks, 12 

— glazed bricks, 403 
Brushing, 401 

Buchanan, «!., & Son, Ltd., 72, 75, 92, 
93, 100, 119, 189, 146, 189, 198 
Bucket elevators, 191 
Buckets, 191 
Buckley, 313 
Buff-coloured clay, 5 

— burning brioks, 328, 345 
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Bttff-ooloured burning shale, 868 

Buhler’s mill, 190 

Biihrer, Jacob, 288, 293, 818, 342 

Building bricks, 850 

Built-up dies, 151 

Bull, 294 

Bullnoses, 17 

Burnett, T., & Co., Ltd., 292 
Burning, 250, 306, 326, 337, 369 , 394 
405, 410 

— firebricks, 876 

— rate of, 288, 298 

— stages of, 339 
Burnovers,” 66 

“ Burnt stuff,” 375, 380 
” Burrs,” 18, 66 
Burton, 373 


C 

Callow,” 220 
Cambridgeshire, 9 
Cam motion, 230, 232, 237 
Capital required, 426 
Caps for feed-holes, 319 
Carbonaceous matter, 339, 343, 344 
Carrying off, 210 
Cars, 170, 302 
Cease firing, 350 
Chain haulage, 29 
elevator, 191 
Chalk, 9, 19 

Chamber kilns, 27G, 299 
Chambers, 817, 352 

— too few, 866 
Chamotte, 19, 380 
Changes of temperature, 867 
Channel bricks, 17, frontispiece 
Chart of kiln draught, 362 
Checking, 2l4 

— fire, 363 
Chimney bricks, 413 

— draught, 282 

— gases, 282 

Chimneys, 243, 246, 248, 251, 254, 281 
295, 320, 413 
China clays, 2 
Chip, 899 

Choice of bricks for kilns, 311 
Chrome ores, 395 

— bricks, 396 
Chromite, 873, 395 
Chromium oxide, 395 
Circuit of kiln, 352 
Circular kiln, 247, 248 
Clamp bricks, 16 

— kilns, 62, 218, 245, 322, 348 

— for damper rod, 292 
Clapping, 68, 400 
Clay, 1, 369 


Clav, binding, 879, 880, 382 

— blasting, 20 

— boulder, 102 

— burning, 839 

— cleaners, 41 

— eleaning, 40 

— crushing, 41 

— deposited by rivers, 3 

— deposited in a lake, 3 

— deposits, 3 

— dig^ng, 20 

— drying, 420 

— exposure of, 22 

— fluviatile, 3 a 

— for hollow blocks, 414 

— hard, 100 

► — lacu&jrine, 3 
— London, 3, 39 ® 

— marine, 3 ’ 

— mixing. 4i, 43 

— plastir 2‘ 8, 240 

— preparation of, 40 

— purifiers, 23, 24 
red, 2 

— rock, 42 

— soft, 100 

— sticking, 199 

— sticky, 41, 98 

— strong, 10, 39, 102, 129 

— substance, 2 

— tender, 154, 159 

— tough, 104, 125 

— value of, 426 

— weathering, 22 
Clayton, H., 26, 119 
Cleaning clay, 40 
Clinker, 360, 359, 369 

— bricks, 16 
Clinkers, 66 
“Clot,” 177, 196, 226 
Clot-making machines, 197 
Coal in bricks, 346 

— burning, 348 
Cod oil, 150 

“ Cog ” clot mould, 206 
Coke-heater, 166 

heated dryer, 159 

Cold air, 356, 364 

— -air valve, 274 

Collar for brick-machine, 114 
Colloids, 238 

Colour, 213, 261, 302, 304,33*3, 344, 346, 
890, 399, 411 • 

Colour of bricks, 8 
Coloured bricks, 405 

— glazes, 403 
Colours, 403 
Colza oil, 160 
Combined water, 342 
Combustible matter, 343, 344 

— removal of, 339 
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Ooitibustion oluMObbets, <^56 

— products of, 282, 801 

— space, 831 
Oommissions, 426 
Compression, excessive, 886 
Concrete, 240 

Condensation products, 251, 269, 851 
Condensable water, 843 
Conduction losses, 288 
Cones, Seger, 850, 861, 359, 363, 406 

— temperature equivalent, 861 
Conical runners, 189 
Connecting kiln, 249 

— chamber, 277« 

— flues, 300 

Continuous kiln, 62, 217, 248, 245, 261, 
268, 282, 291, 294, 297, 317, 322, 
824, 829, 885, 869 

— tunnel, dryer, 161 
Contraction, 376, 377, 390 
Control, of temperature, 359 

— draught. 862 
Conveyor belt, 209 
Conveyors, 176, 213, 21§, 221 
Cool, 865, 889 

Cooling, 808, 365, 366, 392, 406, 411 

— chambers, 272 

Coping bricks, 17, frontispiece, 415 
“ Core cracks,” 125 
Core preventor, 204 
Cores, 340, 841, 844, 412, 415 
Coring, 203 
Comer cracks, 121 
Corrugated rolls, 98, 94 
Cost, 427 
” Counter,” 211 
Cracking, 168, 176, 208, 390 
Cracks, 122, 124, 163, 170, 207,226, 341, 
866, 889 
Craddock, 31 
Crazing, 899, 419 
“ Crowding ” barrow, 210 
Crown, 818 

— of kilns, 815 
Orozzles, 17 
Crucibles, clay, 43 
Crush, 865 

Crushing clay, {see “ Grinding ”) 

— resistance, 871 

— te^s, 389 

— rolls, 76p79, 86 

— strength, 890, 417 

Crystallize, 347 * 

Culm, 67 
Cumberlana, 6 
Curvature, 124 
Cutters, 11, 15, 888 

Cutting tables, 77, 78, 79, 80, 81, 82, 83, 
84. 129 

— wires, 187 
Cylindrical clot, 196 


D 

Dunp brioke,N6to., 800, 864 

— material (screening), 195 
Damper holders, 292 

Dampers, 277, 292,297, 298, 820, 888, 
884, 851, 865, 409, 410 
Dannenberg’s kiln, 278 
Dark colour, 846 
” Daub,” 245, 887 
Dead-burned magnesia, 894 
” Dead spgcet,” 280, 866 
Dean, Hetherington & Co., 297, 394 
Defective filling, 203 

— accounting, 427 

Defects, 226, 834, 891, 897, 899 
•— in shape, 124 

Delicate clays, 274, 323, 848, 364, 850 
Dense clays, 346 
Density, 302, 845, 346, 871 
Deposits, 3, 266 
Depreciation, 428 
Derbyshire, 6 
Developing colour, 341 
Devonshire, 6, 9, 11, 373 

— fire-clays, 374 

Diamond stretcher, frontispiece 

Die-boxes, 151 

Dies, 114, 125, 151, 239, 400 

Diesener, 802 

Difficulties, 424 

Digging, 20, 21, 42 

Dinas, 7 

— bricks, 391 

Dip for salt glaze, 408 
Dipped, 400 
Dipped firebricks, 387 
Dipping, 401, 402.405, 408 
Dips, 409, 411 
Direct haulage, 29 
Discoloration, 269, 350 
Discolours, 266, 341 
Disintegrator, 72 
Dobson, B., 63 

Dog tooth stretcher, frontispiece 
“ Don’ts ” for firemen, 864 
Door-gaps, 265, 266, 269 
Dorsetshire, 9 
Double-shafted mixers, 105 
Dowlais, 73, 93 
Down-draught, 264, 276 

— kilns, 217, 244, 248, 255, 827, 409 

— kilns, firing, 348, 349 

— semi-continuous kiln, 262 
Down-take flue, 278 
Draining a kiln, 312, 813 

Draught, 281-8, 288, 312, 320, 829, 384,. 
342, 356, 358, 862, 366 

— gauge, pi, 361 
Drawing, 366 
Drift clay, 341, 424 
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^ Ikop liroheg,'' 818, 889 
Dx;^uai, 1T7 
oiiokB, 14 

l%4r «nd fftii, 887 
^ ooBtSMoted to Jdln, 288 
Dryer, choice of, 176 . 

— floors, 187 

— iaa8,l72 * 

— testing, 174 
Dxye^i 56, 57, 154, 161, 218, 289, 295, 

420 

Drying, 56, 154, 218, 286. 289, 889, 842, 
890 ” * 

Drying firebricks, 876, 387 

— kiln, 247, 428 

— raw clay, 420 
Dry process, 240 

Dudley," 368 
Dull glaze, 406 
Dunnachie, James, 808, 304 
Durant’s kiln, 246 
Durham, 6, 374 
Dust process, 240 


£ 

Eccentric represses, 144 
“ Economic " moulds, 151 
Eddington moulding machine, 72 
Edge<runners, 94 

— -runner mills, 179, 184, 388 
Electrical conduits, 417 
Electrical pyrometer, 361 
Elevating, 191 

Emperor " press, 238 
Emptying, .866 
End of firing, 849 
Endless rope haulage, 80 

— chain haulage, 86 
Engineering bricks, 16, 868 

" English ” kiln, 276, 299, 300 
Enlarging kiln, 325 
Erroneous methods, 426 
Errors in kiln construction, 310 
Essex, 9 

"Excelsior” kiln, 289 
Excessive burning, 840 
Exhaust steam in drying, 167, 168 
Expanding mould, 72 
Expansion, 866, 877, 391 

— of clay, 124 
Expression attachment, 236 

— roUs, 78, 124 

— roller machines, 124 


P 

Pacing bricks, 16, 126, 209, 297, 328, 383 
burning, 246 


7iaUurCs«.424 ' 

Pttn, 282, 283, 285, 287, 288, 289, 

806, 821 

— lor dryer, 170, ^74, 285 

— jpeed of, 286 

— sue of, 286 

— Sutcliffe Ventilator an^ Drying Ob„^ 

Fawcett, T. 0., Ltd.. VST, 78, 102, 127. 
129, 186, 148, 146,. 146, 184, 198, 
194, 198, 206, 211, 212, 225, 226, 
227, 228, 229 
Feed-holes, 816 
Feed-hole caps, 819 

— plate, 108 

— tray, 180 

Feeding appliances, 82-4, 108, 180, 182 ' 

Fermentation, 886 

Fine grinding, 185 

Fingers for luting, 282 

Finish of hlkig, 349, 888 

Finisling heat. 347 

— pointv 847, 406 

— temperature, 839, 849, 888, 392, 896 
Fire blocks, 373 

Fire-boxes. 249, 250, 253, 255, 268, 800 
318. 348 

Fire-bricks, 16, 41, 43, 244, 268, 300, 804, 
308, 309, 889, 360, 878, 879 
Fire-brick lining, 294 
Fire-clay, 2, 6, 22, 86,841,870. 373, 897, 
407 

— working, 376 

— dampers, 277 

— blocks, 318 

— columns, 882 
Fire gases, 269, 367 

— -holes, 246, 249 

— pillars, 255 

— places, 261 

proof flooring, 412, 418 

— shafts, 332 

— travel, 341 (see " Speed ") 

— trough, 300 

Firing, 65. 260, 306, 808, 381, 887, 848, 
369, 376, 388, 394, 396, 406,410,417. 

— a clamp, 66, 348 

— fire-bricks, 876, 888 

— hollow blocks, 417 
with gas, 806, 308 

First dip, 401, 408 

— stage of burning, 848 ^ 

** Five on two,” 827 
Flashing, 346, 880, 394, 410 
Flat grate, 253 
Flattened arches, 316 
Fletton, 14, 219, 267„S40 

— bricks, 14 

— knots 840 
Floating bricks, 16 
Floor of kiln, 264 


28 
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Floor dryer, 420 

— drying, 167 
Flues, 319 

— for hot air, 268 

— for steam, 279, 280 

— metal, 278 

— permanent, 278 

— temporary, 272 
Fluviatile olays, 3 
Footstep, 98, 186 
Forced draught, 250 
Formation of clay, 2 
Foul clays, 10, 43 
Foundation of kiln, 247, 312 

— water, 312 

Four d traiiches, 333 
Preshly-set bricks, 269 
Frit, 402, 405 o 

Frog, frontispiece, 144, 178 
Frost {see “Weathering”), 389 
Fuel, 66, 67, 250, 359 

— consumption, 264, 295, 348 

Pull fire, 339, 846, 357, 366 . 

Pull shaft, 332 

“ Fully-burned ” bricks, 838 
Fusibility, 377, 379, 391 
Fusion, 847 


a 

Ganister, 7, 378 

— bricks, 393 
Gartcosh, 7, 393 

Gas advantage, 304, 308 

— causes of failure, 309 
Gas-fired kilns, 256, 308 

— continuous kilns, 803 

— tunnel kiln, 803 
Gas-producer, 260, 267, 803, 804, 309 
Gases admitted to chimney, 357 
Gault; 8, 40 

Gillet fire-box, 250 
Glacial clay, 841 {see “ Drift ”) 

Glasgow, 6 

Glazed bricks, 7, 16, 336, 397 

— blocks, 419 

— hollow blocks, 417 
Glaze materials, 402, 405 

— recipes, 398 

— trials, 406 

Glazes, 899, «i02, 408, 404 
Glenboig, 308, 806, 873 
Gold-glazed bricks, 4t)3 
Granulate, 104 
Granulation, 282, 287 
Granulator, 103 
Graphite, ^6 

Grates, 250, 258, 255, 260, 261, 264, 267, 
268, 276, 800, 848, 850, 866, 868 
Gravel, 23, 40 


Green bricks, 898 
Green glazed bricks, 403 
Grey bricks, 12 
Grey stocks, 17 
Griessmann & Oo., 112 
Grinding, 221, 388 

— clay, il, 83, 94, 179, 183, 221, B83 
— • grog, 883 

— mUls, 88, 84. 94, 179, 183 
Grizzles, 17 

Grog, 18, 876, 380, 388, 389 

— size of, 381 
“ Groke,” 122“’ 

“ Guthrie,” 267, 268, 300 


H 

Hack drying, 60 

— ground, 56 
Hacks, 66 

“ Haendle,” 182 
Haircracks, 12 
Half-gas firing, 260 
Half-moon stretcher, frontispiece 
Halifax, 374 

Halsband & Go., 122, 123 
Hampshire, 9 
Hand-briokmaking, 39 

— made bricks, 41, 69 

— moulds, 89 

— moulding, 41 
Hard clays, 100 

— glaze, 399 

— material, 95 

— water, 19 
Hardness, 371 
Harrison, H., 294 
Haulage, 29, 180 

Heart {see “ Core ”) 340, 341, 344 
Heat accumulators, 259 

— necessary to burn, 338 

— regeneration, 307 
Heizwande, 333 
Herv6, T., 115, 119 
Hexagonal screen, 195 
Highly plastic clays, 104 
High temperature, 376 
Hofmann kilns, 264, 291, 297, 368 
Hollowness, 124 

Hollow blocks, 335, 412 
with closed ends, 413 

— bricks, frontispiece, 316, 412, 413 
Homogeneous, 42, 43, 110, 124, 226 
Homogenization, 104 
Horizontal draught kilns, 244, 329 
Horsham Engineering Oo., 48 

Hot air, 258, 269, 293, 297, 298, 301, 806, 
307, 808, 344, 349, 852, 354 

flues, 266, 268, 274 ' 

for combustion, 274, 275, 299, 801 
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Hot floor, 167, 160, 421 
Hughes, W. B., 214 
Hunter &, Go.,' 78, 126 
Hu^ed firing, 346 
Hyqk ^io balance. 207 


I 

Impervious brick, 289 
Improper materials, 424 

— site, 424 

Improved Hoffmann kiln#, 2i7 
Ipapurities, 22 

Incipient vitrification, 339, 347 
Inclined grates, 253 
Inferior fire-bricks, 389 
Instability of kilns, 310 
Intermittent kilns, 243, 256, 323 
Invert blocks, 415 
Irish fire-clays, 6 
Iron compounds, 340 

— dampers, 277 

— oxide, 344 

— reduced, 340 

— sulphide, 408 
Irregularities, 199 
Isle of Wight, 4 
Isolation of kiln floor, 314 


J 

3 Bxab, frontispiece, 17 
Johnson* Sons, Ltd., 129, 130, 132, 203, 
228, 231 
Johnston, 198 

Jones <fe Sons, Ltd., 116, 151 


K 


Kaolins, 2 
Kase, F., 390 

Keith J. & Blackman, Co., Ltd., 285 
Kibbling rolls, 93 
Kilmarnock, 6 
Kiln, circuit of, 352 

— connected to dryer, 288 

— construction, 310 
-- dryer, 157 

— foundation, 312 

— selecting, 321 

— size of, 323 

— thermometer, 343 
Kiln-gases in tunnel dryer, 166 
Kiln-walls, 294 

Kilns, 61, 176, 213, 217, 236, 243, 409 

— “ closing,” 360 

— connected, 249 

— drying, 342 


Kilns, enlarging, 325 

— for small output, 324 

— roof for, 296 

— too short, 824 

— with grates or troughs, 267 

— with two fires, 296, ^ 
Klemp, Schultze * Go., 83 
Knee-joint presses, 147 
Knives, 103, 106, 110 
Knotts clay, 6 

Koppel, A., 170, 171, 172, 178 


L 

* 

Lack of capital, 426 
Lacurtrine clays, 3 
Lakb deposited clays, 3, 4 
Laminated mouthpiece, 122 
Lamination, 125, 148, 197, 236, 237, 241, 
347 

Lanoasniro, 9, 12 
Lane, F.0I12 
Lead compounds, 408 
Leakages, 247, 333, 364 
Leeds, 374 
Leicester, 6, 9 
Leighton Buzzard clay, 3 
Length of kiln, 324 
Light blocks, 414 

— coloured glazes, 411 
Lime, 5, 9, 102, 377, 391, 397 

— milk, 391 

— sand, 240, 392 
Limestone, 23 
Limey clays, 101 
Lined dies, 119 
Liners, 199, 235 

Lining of mouthpiece, 121 
Loading clay, 21 
Loams, 10, 78, 179 
Loamy, 10 

London clay, 3, 39, 423, 424 

— Brick Co., Ltd., 220, 221, 222, 224, 

276, 300 

— bricks, 62 

— stocks, 14, 62 
“ Loos,” 67 
Loose clays, 340 
Loss of shape, 347 
Losses, 424 

Lubrication, 60, 117, 122, 149, 199, 208, 
241 

Tmmps, 87, 180 


M. 

Machine moulding, 68 
Magnesia, 378, 391, 393 
— bricks, 394 
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Magnefllft *'8ftnd/’ 896 

Ma^etite, 894 

Mam apd tail haulage, 30 

Majolica glaaea, 404 

Malm bricks, X7 

Malms and maiming, 8, 17, 23 

“ Manchester ” kiln, 274, 280, 299, 858 

Marcasite, 6 

Marine clays, 5 

Marl facing bricks, 15 

Marls, 8, 84, 868 

Masonry, 294, 310, 811 

Matthews & Yates, 284 

Maximum temperature, 339, 390 

Maxted & Knott; Ltd., 69, 70 

Measuring rod, 351 

— mould for bricks, 897 
Mechanical draught, 288, 289, 298 
Mendheim, 302, 304 

Metal flues, 273 
Methods, unsuitable, 425 
Midland fire-clays, 374 
Midland marls, 22, 267 
Midlands, 6, 10, 40, 368, 378 
‘‘Mild.” 10 
Milk of lime, 391 
Mill-feeder, 82, 103, 180, 182 

— with conical runners, 189 

— with multiple runners, 191 

— with two stages, 190 

Mills, 83, 84, 94, 179, l83, 221, 383 
Mining, 20 
Mixers, 82, 108, 227 
Mixing, 43, 103, 385 

— clay, 41 

Moisture, 279, SOI, 840, 843, 351 
“ Moeller & Pfeiffer,” 170, 423 
“Monarch” machine, 69 
Mond gas-producer, 260 
Mortar, 246, 812 
Moulded bricks, 336, 418 
Moulding, 60, 419 
Mould-making, 418 

Moulds, 54, 161, 199, 203, 235, 239, 386, 
419 

Mouthpieces, 77, 108, 113, 413 
Muffle, 809 

— kilns, 309, 886 
Multiple roller machine, 127 

— runner wheel, 191 

** Murray ” machine, 126, 126 


N* 

Natural draughts, 283 
Neath, 7 

Neutral firebricks, 395 
Newaygo screen, 194, 225 
Newcastle kiln, 217, 244, 255, 261, 331, 
887, 860 


“ New Era ” machine, 207 
“New Perfect” kiln, 298, 853 
Newton Abbot, 4 
Nodules, 89 . 

Non-absorptive power, 289, 876 
Norfolk, 9 
“Norris,” 71,72 
Northumberland, 7, 873 
Northumbrian fire-clays, 374 
North Wales, 6 
Nottinghamshire, 8 
Number of chambers, 852 
Nuneaton 'En'^kineering Co., Ltd., 230 


0 

Oakland, /G., 300 

Ochre, 408 

Oil, 160, 868 

Oily shale, 220, 267 

Old works, purchase of, 426 

Open base mill, 187, 188 

— clays, 340 

— mixer, 108, 110 

— mould, stiff plastic machine, 206 

— up, 390 

Opinions, erroneous, 425 
Optica] pyrometers, 361 
Organic matter, 340 
Ornamental bricks, 415, 418 
Osman, J., & Co., Ltd., 289, 293, 353 
Output, 324 
Over-driven mills, 184 
“'Overworking,” 385 
Oxford, 40 

— clays, 5 

Oxidation, 41, 341. 345, 369, 377 
Oxide, red, 344, 368, 877, 391, 395 
Oxidized, 340, 341, 345 
Oxidizing, 41, 369 
Oxley Bros., Ltd., 135 


P 

Pallet boards, 171 

“ Pan mills,” 96, 179, 185 

Paper dampers, 277, 278, 356, 363, 365 

Partial kiln, 323 

Partition, 276, 278 

— blocks, 412 

Paste, plastic, 104, 108, 110 

Paving bricks, 16, 869 

Paviors, 370 

Peat, 414 

Pebbles, 23 

Peel off, 399, 402 

Perforated brick, fronfigpiece, 125,412, 
413 

— floor, 264 
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pan mills, 184 

— scrften, 198 

r- steel plate, 192 , 

Permanent flues, 72, 278 
Peterborough, 6, 6, 14, 219 
Piano-wire screens, 194, 221 
Picking, 875 

“ Pillars ” for fuel, 265, 260, 292, 881 
Pink glazed bricks, 408 
Place hricks, 17, 66 
Placing (see “ Setting ”), 826 
Plaiif brick, frontispiece 
Plaster of Paris, 892, 402 ® * 

Plaster moulds, use of, 419 
Plastic bricks, 15, 288 

— clay, 15, 240 

— clays, super-diying, 423 ^ 

— moulding by machinery, 68 

— paste, 104, 108, 110 

— process, 68 

Plasticity, 1, 100, 238,240, 247, 379,386 

Platt Bros. & Co., Ltd., 232, 233, 234 

Plinth bricks, frontvipiecet 17 

Pointed arches, 316 

Poker, 366 

Poker-test, 365 

Polished bricks, 16, 58 

Poole, 11 

Pores, 341, 344, 347 
Porosity, 338, 390 
Porous, 838, 888, 897 
Portable stove, 271 
“ Post,” 378 

Power-driven presses, 142 
Precautions in cutting, 137 

— in firing, 346 
Preliminary heating, 339 

— mixing, 112 
Preparation of clay, 40 
Press oil, 160, 177, 225 
Pressed bricks, frontispiece ^ 16 
Presses, 60, 108, 140, 177, 226, 232 

— hand-driven, 140 

— knee-joint, 147 

— portable, 140 

— power-driven, 142 

— screw, 140, 144 

— toggle-lever, 146 
Pressing, 59, 399 

— in plaster moulds, 419 
Pressure, resistance to, 376, 377 
‘♦Price,” 204 

Primary clays, 2, 3 
Products of combustion, 301 
Protection of goods, 335 
Pugging and pug-mills, 43, 69, 77-84, 
laS, 108 

“ Pullan & Mann,” 77, 144 
Pump, 20 

Purchase of old works, 426 
Purple bricks, 846 


Putrefaction, 42 
Pyramid tests, 859 
Pyrites, 5, 28, 845 
l^rometer, 351, 861 


K 

Backs, ;171 

— for drying, 164 
Radial bricks, 418 
Radiation losses, 283 
Bail-gauge, 171 
Rails, 171, 178 

Rain, 389 ^ 

— effect of, 312, 313, 821, 889 
Rain-water, 19 

— removal of, 818 
Rapid burning, 340 
Rattler test, 870 
Raupach, R.. 131 

Rawdqn Tcundry Co., Ltd., 142 
RaymoniPt^^ Co., Ill 
Raynor, L., 164 
Reading, 4, 40 
Recorder, 211 
Recrystallization, 347 
Rectangular down-draught kiln, 246, 
251 

Red bricks, 9 

— glazed bricks, 403 

— heat, 348 

— marl, 12 

— oxide, 844, 368, 877, 891, 396 
Red-burning bricks, 846 

— burning shale, 868 

— clays, 10, 339, 340, 844, 868, 397 
Reducing, 345, 369, 877 

— compounds, 345 

— conditions, 368 

— piece, 114 

Reduction, 309, 345, 368, 377 

Refractoriness, 890 

Refractory clay, 7 {see “ Fire-clay ”) 

— goods {see “ Fire-bricks ”), 309, 376, 

879 

Regeneration, 266, 301, 807, 345 
Regeneratively heated air, 301 
Regenerators, 256, 257, 259, 301, 807, 
345 

“ Reinforced,” 417 
Reinforcing, 412 
Relined, 235 » 

Repairs and renewals expenditure, 428 
Repress, 69, 139, 177, 208, 229, 236 
Repressing, 139, 177, 208, 236 
“ Reserve fund,” 428 
Resistance to abrasion, 376 

accidental blows, 377 

heat, 377 

— — high temperature, 376 
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Hesistanoe to oxidation, 877 

pressure, 376 

reduction, 877 

slag and limestone, 396 

sudden changes, 877 

wear and tear, 377 

Retort clay, dS 
Revolving drum, 203, 422 

— screen, 195 

— table machine, 201 
Riddles, 181, 192 

. Ring kiln, 291, 305 
Rise of temperature, 347 
River deposits, 8 
Rock clays, 6, 42^ 

Rolls, 80-84, 86, 124 
Roller-bearings, 171 
Roof for kilns, 295, 821 

— water, 813 
Rope conveyor, 213 

— haulage, 29 
Rotary clay dryer, 422 
Rough bricks, 411 

— stocks, 17 

Round kilns, 247, 248, 249 

— of kiln, 308, 352, 353 
Ruabon, 9, 11 
Rubbers, 11, 16, 338 
Running-out machine, 417 


S 

Salt, 869 

— glazing, 308, 372 
Sal^dip, 408 
Salt-glazed bricks, 406 
Sand, 18, 40, 390, 391 
•— -faced bricks, 15, 68 

— -folds, 63 

— -lime bricks, 892 

— -moulding, 60 
Sand-seal,'’ 820 

Sandstones, 391 
Sandy, 10, 13 

Sanspareil machine, 225, 230 
Sawdust, 346, 414 
Scale-lined mouthpiece, 122 
Schmatolla, E., 257, 304 
Scholefield, R., 205, 225, 230 
Scotch kilns, 245, 337 
Scotland, 6‘ 

Scott, 213, 216, 326. 

“ Scove ” kilns, 217, 333 

Scrapers in mills, 187 

Screens, 176, 192, 221, 251, 375 

Screen-wall, 249 

Screw-presses, 140, 144 

Scum, 213, 288, 266, 269, 351, 369, 411 

Sea-deposited clays, 3, 5 

Sealing chambers, ^8 


Secondary clays, 1, 8 
Seconds, 17 

Second stage of firing, 341, 348, 844," 357 
Seger cones, 850, 851, 859, 406 
Selecting a kiln, 321 

pug-mill, 110 

Selecting clays, 878 
Selection oi bricks, 811, 398 

materials for fire-brick, 878 

plant, 85 

stiff-plastic machines, 200 

Self-delivery wet-mill, 102 
Semi-cont!nu!>u3 kiln, 62, 248, 244, 260, 
294 

“ Semi-dry” process, 177, 219 

— bricks, 14 
Semi-plastic process, 177 

— bricks, 14 

Sercombe, W. H., 281, 292 
“ Set,” 150, 153 
Setters, 3G4 

Setting, 213, 247, 254, 266, 302, 326, 387, 
405, 409 
Settling, 351 

— tanks, 26 
Seven Oaks, 3 
Shakes, 17 

Shales, 2, 5, 10, 84, 85, 179, 220, 240, 
267, 300, 345, 370, 376, 382, 407 
“ Shank ” kilns, 324 
Shattering, 365 
Shed-dryer, 164 
Sheffield, 393 
Shell, 5 
Shovel, 38 

Shrinkage, 175, 176, 361, 394, 395 

— rod, 343, 361 
Shropshire, 373 
Shuffs, 17 
Sieves, 192 
Silica, 6, 7, 390 

— bricks, 7, 390, 398 
■— rocks, 373, 381, 391 
Silver glazed bricks, 408 

Single kilns, 243, 276, 282, 318, 342, 318, 
866, 889 

— shaft mixers, 104 
Sintered magnesia, 894 
Site, 424 

Size of kiln, 323 

— of grog, 381 
Skeleton, 379 
“ Skerry,” 23 
Skintling, 59 
Slab-heater, 163, 164, 168 
Slabs, drying, 387 

Slag, 841, 345 

— colour, 344 
Slate, G 

Sliding-die brick machine, 207 
Slinging, 43 
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Slop-moulded bricks, 15 
Slop-moulding, 50, 61 
Slots, 185 

Slow- firing, 340, 368, 365 
Slurry, 26 
Smith, G. T., 203 
Smoke, 250, 253 
Smoke-fiue, 274 

Smoking, 217, 306, 821, 340, 353 
Smoky flame, 346 
Smooth rollers, 92 
Soaking, 42, 347, 363, 365. 

Soda, 402 
Seftr bricks, 13 

— clays, 100 
Soften, 343 
Softening clay, 347 
Soft end, 232 

— glaze, 399 
Soil, 18, 23, 28 
Soiling, 28 
Sole, 356 

Souring, 42, 375, 383, 385 
Spades, 38 

Spalling, 225, 378, 391 
Specific gravity, 371 
Speed of burning or firing, 340, 341, 345, 
358, 363 

pug mills, 112 

Spiral conveyors, 221 

“Spitta,” 274 

Splitting, 378 

Spoiled bricks, 347 

Spot, 346 

Spy-holes, 861 

“ Squat,” 124 

Squints, frontispiece ^ 17 

Stable brick, frontispiece^ 368 

Staffordshire, 8, 12, 84, 368 

— kiln, 274, 280, 297 
Stain, 328 

Stanley machine, 230, 232 
Stationary screens, 192 
Steam, 279, 301, 343 

— as lubricant, 121 

— floor, 158 

— flues, 279, 280 

— heaters, 165 

— -heated dryer, 157 

— jet, 250 
navvies, 220 

— removal of, 343, 354 

— vents, 357 
Steaming, 306, 339, 842 
Steatite, 240 
Stickiness, 240 
Sticking, 149, 199, 240 

Sticky clays, 41, 92, 94, 98, 149, 199, 240, 
424 

“ Stiff plastic” machines, 177, 196 
bricks, 15 


“ Stiff plastic ” process, 177 
Stocks, 17 

— London, 14 
Stone-breaker, 180 

— -crusher, 180 

Stones, 4, 28, 40, 76, 78, 89, 94, 100, 102, 
124 

Stoneware-clay, 372 
Stony clays, 94 
Stool pallets, 171 
Stop brick, frontispiece 
Storing, 389 
Stourbridge, 6, 373 

— fire-clays, 374 * 

Stoves, 269, 270, 279, 386, 342, 365 
Stoving, 276, 339, 340, 342 
Streaks, 401 
Strengtnening kiJii, 252 
String course hricks, frontispiece 
Strong clays, 10, 39, 84, 102, 129, 340, 
424 

Structur.^ l. iO, 153 
Stull, >1, 123 
“Stupids,” 415 

Sturtevant Engineering Co., Ltd., 283 
Subsoil water, 313 
Sudden changes, 377, 890 
Suffolk, 9 
Sulphur, 29, 411 
- compounds, 345 
Super-drying, 423 

— -heater, 250 
Supplementary fires, 251, 254 
Surface clays, 2, 10, 40 

— water, 19 

Sutcliffe, Speakman & Co., Ltd., 89, 97, 
146, 148, 151, 203, 207, 233, 234 
Sutcliffe Ventilating Oo., 164, 165, 422 
Swelling, 341, 347, 411 
Swinney Bros., 113, 125, 127, 185 


T 

Tam, vorth, 11 

bricks, 316 
— % mthpiece, 124 
TaAJ68 

Tei^^ valley, 6, 374 
Temperature, control of, 359 

— high, 376 

— in blue brick burning, 369 

— maximum, 339’» 

— of gases, 282 

— recorder, 351 

— rise, 347 

— (scale), 361 
testing, 365, 425 

Tempering, 42 
Temporary flues, 272 

— kiln, 294 
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Temporary mufflea, 886 ** 

Tender clays, 154, 169, 175, 840 
^Tenderness of magnesia bricks, 895 
^Terra^tta, 11 

clays, 11 

Test for acid-proof bricks, 872 
Testing burning temperature, 338 

— during drying, 174 

— lime liquor, ^2 
Thames clay, 8 
Thermometer, 282, 848, 866 
Thermosoopes, 869, 363 
Thickness regulating, 898 
Thirds. 17 

Third stage of burning, 867 
Thomas’s kiln, 261 
Thrust bearing, 112 
Tipping frame, 88 ^ 

— waggons, 83 
Tippler, 180 
intanium, 877 

Toggle-lever presses, 146, 226 

— machines, 238 
Toothed rolls, 93 
Tough clays, 104, 125 
Tower-dryers, 423 
Trace-holes, 330 
Track, 211 
Transfer car, 172 
Transport, 176, 236 
Transverse arches, 299 
Treacherous cjay, 424 
Treading, 43 
Treatment of clay, 23 
Trial pieces, 851, 406 
Trough, 267, 268, 269, 332 
Troughs for fuel, 264 
Tubular bricks, 125 

— dryers, 421 
Tunnel-dryers, 161, 421 

— kilns, 802 
Turn-tables, 32 
TwUting, 124 
Two-stage mill, 190 

IT 

Under-burned bricks, 13, 66, 368 

— -driven mills, 184 
Unevenness in temperature, 356, 357 
'Uniformity^376 

Unoxidized spot, 346, 

Unsuitable methods^ of working, 425 
Up and down draught kiln, 244 
Up-draught kiLns, 243, 245, 326 

V 

Value of a clay bed, 425 
Variations in size, 152 


Vaughan’s kiln, 278, 280 
Vegetable matter, 848, 844 

removal of, 889 

Ventilation of kiln, 867 
Ventilator brick, frxmtispiece 
Vertical flue, 881 
Viscous mass, 847 

Vitrification, 209, 802, 841, 845, 847, 
360,868.374,407 ‘ 

— period, 347 
point, 841 

I . itrified bricks, 868, 874 
I Volatilizatioii; 844 
“Vulcan” mUl, 48 


W 

Waggons, 29, 170, 180, 302 
Wales, 6, 378, 393 
“ Walk flatting,” 53 
“Walls,” 828 
Warm air, 362 
“ Warner,” 360 
Warping, 168, 175 
Wash-backs, 25, 42 

— -mill, 25 
Washed stocks, 17 
Washing, 25, 40 
Waste gas dryer, 159 

— gases, 159, 2^ 

— heat, 324, 842, 352 

Water, 19, 56, 176, 177, 340, 351, 385, 
390, 404 

— as lubricant, 121 

— removal of, 312, 354 

— smoking, 217, 340 
“ Watkinson,” 189 
Weak (bricks), 232, 236 

— arch, 316 

— corners in bricks, 114 
Wear and tear, 377 
Weathering, 22, 41, 375 
Wedge-shaped bricks, 816 
“ Well,” 178 

Welsh fire-clays, 375 
West Scotland, 373, 393 
Western clays, 10 
“ Wet pans,” 94, 95 
Wheelbarrows, 38 
Wheeling, 21, 211 
Whinney Hill, 6 
White bricks, 8 

— burning bricks, 328 

— body, 404 

— glazed bricks, 403 

Whitehead, J., & Go., Ltd., 62, 88, 118, 
184, 135, 141, 187, 190, 417 
Whittaker & Co., Ltd., 81, 48, 49, 98, 
98, 117, 131, 188, 194, 196, 207, 222, 
228, 224 
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yficiket, ^6, 354, 256, 298, 855 
ItrcheB, 817 

— fires, 269, 270, 279, 888, 337, 342 
Wills, W. & P., Ltd., 91 
Wmdt862 
:Wire-cut, 69 
— w bricks, 76 

process, 76, 180 

gauze screen, 192 

* Wires for cutting, 187 

Wolff Dryer Co., 165, 166, 169, 170 
Woolley’s fire box, 2W 
Wootton Bros., Ltd., 126jH26, 132, 133, 
9 ^ 

* Working continuous kiln, 358 


Works, purchase of, 426. 
Worm, 110 
Wrong bonding, 311 


Y 

Yellow bricks, 9, 40^ 
Yorkshire, 6, 868, 878, 893 
— fire-clays, 874 


Z 


Zinc oxide, 402 
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THE “BRITANNIA BRICK MACHINES 



ARE BUILT TO ANY CAPACITY. 



SiAVE.S A M AN Al' THE HANDLE END 

N(i 4 MArh.rtt-. rCM!''' .V;!! jn-! (l.y 

WITH vJONlES PA TFNI POW ER WIKI ( \' l 

Write* for Prices ivnd Pi»rf ir,ul sArS to 

JOHN JONES & SONS. Ltd.. 

'^""ihon'wofim.s, LOUGHBOROUGH^ Leicestershire 

Est? 18550 England 


“BRITANNIA” BRICKMAKINC MACHINES, 

as supplied to: 

H.M. Government Railways. 

H.M. “War Office (W'orks Department). 

Public W‘orks Departments. 

Mining Companies in South Africa. 

Machinery supplied to : East Africa, India, Straits Settle- 
ments, Australia, South Airica and principal Brick- 
works at Home and in the Colonies. 
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miER BROTHERS, 

BttobllalMd IMO. lUBChlne Factorj// Worlimtn. 

UZWIL (Switzerlshd). 


SPECIALITY: 

BRICKI & TILE-MAKINQ NACmNERY? 

OUTPUT (AND^ SOLIDITY UNRIVALLED. 


COMBINED GRINDING AND MIXING 


MILLS. Buhler’s Patent.— Feeders, Pug Mills, 
Revolving Presses, Drain Tile Machines, Cutters, 
etc. A 

DRYING PLANTS. Buhler's Patent.-Artificial 
Channel Driers, superior system; Special Fans. 
Numerous Plants Installed. 

MODERN KILNS, Buhler's Patent. — Channel 


Kilns; Circular Kilns and Shaft^Kilns, for burn' 
ing coke, gas and oil; Special Kilns. 
COMPLETE BRICK AND TILE-MAKING 


PLANTS, of any size, for all ceramic products. 


FINEST REFERENCES. 


Write for miostrated Catalogues an) estimates. 

TRIALS OF CLAY. 
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